








TRANSACTIONS 
‘ OF THE 


ILLUMINATING ENGINEERING SOCIETY 


FOUNDED IN LONDON 1909 INCORPORATED 1930. 
Vi4_G. 
\N3BA - V9. 


SUMMARY OF CONTENTS 
Vol. IV: Nos. I—I2, Jan.—Dec., 1939. 


The Response of the Eye to Light in Relation to the Measurement of 
Subjective Brightness and Contrast, by W. D. Wright, D.Sc., A.R.C.S. - l 


Report on The Artificial Lighting of Schools - - - + 


The Lighting of Cinema Feaiiorinne for Visibility and sates by H. G Weston 

and E. Stroud - - - 21 
Research on the Production sal Utilisation of hisses by H. Shien - oe 
The Library - P “ : ‘ ‘ P : x P ; : i> a 
Air-Cooled High-Brightness Mercury Vapour Lamps and their Application to 

Projection, by V. J. Francis, B.Sc., A.R.C.S., F.Inst.P., A.M.I.E.E., and G. 

H. Wilson, B.Sc.(Eng.), AM.LE.E. - ° ‘ s . js 59 


Presidential Address, by Percy Good, M.I.E.E., F.C.G.I. - - - - - 81 
The Report of the Council for the Session 1938-1939 - - - - - 87 
Daylight Factors for Efficient Working and their Predetermination, by T.C. Angus 97 
Two New Public Lighting Installations in Dublin, by F. X. Algar - - 105 
Light Scattering by Road Surfaces, by A. Bloch, Dr.-Ing., M.Sc., F.Inst.P. - 113 
Presidential Message  - - - - - - - - - - - 129 
Methods of Providing Even Illumination of Low Intensity :— 

British Standard Specification (BS/ARP 16) = - - - 130 

British Standard Specification (BS/ARP 20) _ - . 132 

British Standard Specification (BS/ARP 21) _ - 134 
Visual Efficiency in Coloured Light - - 137 
Presidential Address by F. C. Smith. M.Inst.Gas E E. 153: 
Illuminated Display Cabinets :— .., ater in hi dealin 

British Standard Specificatipir: BSA i: eta an * ro ‘s 157 


161 


Forthcoming Events Notes on Recent  Mesiitis and Events Applications for 
Membership Election of Officers and Council——Annual General Meeting. 


X896844 














THE RESPONSE OF THE EYE TO LIGHT IN RELATION TO 
THE MEASUREMENT OF SUBJECTIVE BRIGHTNESS AND 
CONTRAST 


By W. D. WRIGHT, A.R.C.S., D.I.C., D.Sc. (Member). 


(Paper read on Tuesday, December |3th, 1938.) 


SUMMARY. 


The paper discusses the problems that are likely to 
confront the illuminating engineer who is concerned with 
measuring the subjective effects of light. In the first 
section a condensed account is given of the information 
available regarding the reaction of the eye when 
stimulated by light; this includes data derived directly 
from physiological experiments and by inference from 
sensory observations. Two processes, an electrical and a 
chemical effect, are referred to in detail in so far as they 
control the sensitivity of the eye and govern the magnitude 
of the visual response. In the second section an outline 
is given of the conditions necessary to reproduce a 
standard scale of subjective brightnesses and of the 
methods, by memory or by binocular matching, with 
which an unknown brightness may be compared to the 
standard. In the third section the subdivision of the 
standard brightness scale into a series of contrast steps is 
discussed and the means by which an unknown contrast 
may be referred to the standard scale are considered. 


Introduction. 


In the course of an address (+) given recently to 
this society Dr. Paterson made the following re- 
marks: “Some who are studying these problems (of 
street lighting) feel they must move a step beyond 
even the conception of brightness . . . and explore 
the problem of ‘sensation,’ in order to be able to 
appraise properly those contrasts which we know 
lie at the foundation of all seeing. . . . Under open- 
air night-seeing conditions . . . illumination is far 
too rough and ready a criterion now to use as a 
gauge of the effectiveness of seeing. It is necessary 
to study the contrasts themselves and, if seeing is 
to be improved at these low brightness levels, to 
take steps to accentuate the contrast. . . . Illumina- 
ting engineers . . . must be contrast or brightness 
engineers at heart... . May it not be that any .in- 
stinctive shrinking we may have from the practical 
use of the conceptions of contrast and brightness 
arises from the fact that the process of measuring 
illumination is now so well established and under- 
stood that we are loath to admit a rival and to feel 
that we may sometime have to leave it for the un- 


certainties of a new magnitude and of untried 
methods of measurement.” 

These remarks have been quoted because they 
serve very admirably both as a text and as a chal- 
lenge. In what follows an effort has been made to 
visualise the problems that would confront anyone 
who set out to be a “ contrast engineer” and, hav- 
ing found the problems, to see what methods are 
available to solve them. It has been convenient to 
divide the subject into three stages: the first gives 
a summary of our knowledge of the response of the 
eye to light and is inevitably physiological in char- 
acter; the second section discusses methods of 
measuring subjective brightness, while the third 
section examines the way in which these measure- 
ments may be legitimately used to specify contrast. 

For the sake of brevity, at certain points in the 
paper data are given in note form. 


SECTION I. 
THE RESPONSE OF THE EYE TO LIGHT. 


A. Objective Data. 
RESPONSE IN SINGLE FIBRES OF THE Optic NERVE. 


During the last few years a technique has been 
developed by which, when a beam of light stimulates 
the retina, the impulses from a single element in 
the retina of certain eyes have been recorded as they 
travel down the associated nerve fibre in the optic 
nerve. The methods used vary from one eye to 
another, but in general an eye is excised from the 
animal with a portion of the optic nerve attached. 
The nerve sheath is then removed and the nerve 
itself frayed out into small bundles. These bundles 
may then be split into still finer strands if necessary 
until, as shown by the nerve record, a response from 
a single fibre has been obtained. The response which 
is measured is the potential that develops between 
the cut end of the nerve strand and an uninjured 
portion of the nerve. Electrical contact is made with 
suitable electrodes, e.g., silk threads soaked in sea- 
water, the potential changes are amplified, and the 
result recorded in an oscillograph. In some cases 
it is necessary to obtain the impulses from fibres 
on the anterior surface of the retina before they 
have reached the optic nerve, in which case the 
anterior half of the excised eye is removed and the 
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potential between the dissected nerve fibre and the 
surface of the retina is recorded. 
Results :— 

Typical response obtained from eye of horseshoe crab 
shown in Fig. 1. 

Response consists of series of impulses all of same magni- 
tude. Magnitude varies from fibre to fibre. Short latent 
period before discharge commences. Initial discharge con- 
sists of rapid burst of impulses; frequency falls rapidly at 
first, approaching steady value. With increased intensity 
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Fig. 1. Impulses in single nerve fibre from eye of horseshoe crab. 
(Hartline and Graham (?).) 
Line AB shows duration of stimulation. Time in fifths of second 


shown below record. 


of light, latent period shorter, frequency of discharge 
greater. Range of intensity to which single unit responds 
may be as great as 1 to 1,000,000 (2). 

For short duration of exposure to light stimulus, change 
in time of exposure is equivalent to change in intensity of 
stimulus (5). 

Results from cold-blooded vertebrate eyes (e.g., bull-frog) 
show different types of response: 20 per cent. show response 
of type in Fig. 1; 50 per cent. show burst of impulses at 
onset of illumination and another at cessation, but no im- 
pulses during steady illumination; 30 per cent. show no 
impulses at onset or during illumination, but give marked 
discharge when light cut off (4). 

With the scallop, two kinds of sense cell observed; one 
responds at the onset and during illumination, the other to 
cessation of illumination (5). 


ReEtTrnaL ACTION POTENTIAL. 


Instead of obtaining records from individual fibres, 
an alternative technique has been developed from 
which a composite curve can be obtained showing the 
potential that is developed over a more extended 
area of the retina. Again various methods are avail- 
able of deriving this so-called retinal action potential, 
but a typical way is to place an excised eye in a 
holder in which contacts can be made to the cornea 
and the back of the eye by means of suitable elec- 
trodes. The potentials which develop when light 
enters the eye are amplified as before and recorded in 
an oscillograph. An alternative process is to use a 
decerebrated animal, in which case contact is made 
with the cornea and the decerebration wound. 
Results : — 

Typical record is shown in Fig. 2. 











Electroreti analysed by Granit (6) into three com- 
ponents, PI, PII, PIII. PIII is negative; on stimulation, com- 
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Fig. 2. Analysis of retinal action potential of dark-adapted 
cat's eye. (Granit (*).) 

Line AB shows duration of stimulation of intensity 14 ml. 

Resultant response shown by continuous line. Individual com- 

ponents of response, PI, PII, and PIII, shown by dotted curves. 


WRIGHT ON THE RESPONSE OF THE EYE TO LIGHT 


mences before positive PII to produce negative notch a. 
Potential rises rapidly to maximum, b, and then falls. Steady 
positive rise c, follows. 
effect, d, occurs, explained as interference construction be- 
tween positive and negative components. Components PI, 
PII, PIII can be isolated by suitable treatment, e.g., PII 
removed from retinogram of cat by asphyxia. 

PI not known to be connected with discharge in optic 
nerve. PII corresponds to excitation, PIII to inhibition. 

Light adaptation increases inhibitory component PIII (7). 
Light adapted eye shows brisk response, dark adapted eye 
is sluggish. 

Interaction between separated areas of retina demon- 


strated by effect on latent period of stimulating retina in’ 


separated areas (6 8). 

Stimulation of retina by bright light can amplify differ- 
ence between responses of two test lights viewed after pri- 
mary stimulation (9). 

Prolonged light adaptation reduces size of b-wave obtained 
from test light. During subsequent dark adaptation, size 
of b-wave returns gradually to normal (1°). 

Rod retina (e.g., albino rat) has maximum of sensitivity 
for equal energy spectrum between 0.50 and 0.51: . When 
eye exposed to bright sunshine, no response at all. With 
dark-adapted frog’s eye (rods and cones), maximum sensi- 
tivity between 0.50 and 0.51 pu. When light adapted, 
maximum about 0.56 p. Frog’s eye exposed to bright sun- 
shine still responds to stimulation. Conclusion that rod, 
visual purple mechanism put out of action by high intensi- 
ties, but cone mechanism continues to react (11). 


PHOTOCHEMICAL REACTIONS. 


The light sensitive substance, visual purple, can be 
extracted from various retinae by the appropriate 


chemical treatment (see, e.g., Lythgoe(?*) ). Measure- | 


ment of the spectral absorption curve of bleached and 
unbleached visual purple can be made, the bleaching 
process can be followed, and although no appreciable 
regeneration of the substance after bleaching can be 
observed once it has been extracted from the eye, the 
regeneration has been determined by measuring the 
concentration of visual purple extracted from the eyes 
of rats at intervals after complete bleaching. 


Results : — 


After allowance for impurities, maximum absorption of | 
Intermediate © 
product is formed in course of bleaching; orange colour of | 


unbleached visual purple at about 0.50 uv. 


this product depends on temperature and pH of solution. 
Not certain whether this substance sensitive to light (12). 


Regeneration of visual purple in rat eye (rods) slow : 


process continuing for several hours (15). 


Amount of bleaching governed by intensity of incident 


light. 


No certain information available of photochemical sub- ° 


stances in cone retina. 


IRIS. 


As is well known, the rapid enlargement and 
contraction of the iris serves 


given diameter of iris is not uniquely related to 
one level of illumination. 


therefore, paneees a contraction of the iris, may 
appear dark to a light-adapted eye, thus causing the 


iris toexpand. The average range in the diameter of | 


the iris is from 2 mm. to 8 mm. The speed of reaction 
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IN RELATION TO THE MEASUREMENT OF SUBJECTIVE BRIGHTNESS AND CONTRAST 


of the iris, a completely reflex action, varies from one 
person to another, but the adjustment is usually com- 
plete in 4 sec. or thereabouts. 


ANATOMY OF THE EYE. 

Since the response from rods and cones is very 
different, their distribution in the retina is a relevant 
factor in an analysis of the subjective effects of light 
Histological examination of the retina reveals two 
types of neurone, the rod and cone. The anatomical 
distinction is frequently not very marked, but the 
rods, which are held responsible for vision at low 
illumination (scotopic mechanism), can be defined as 
the neurones secreting visual purple (11). In the 
human retina, some 120,000,000 rods are found and 
6,500,000 cones. In the fovea, the seat of distinct 
vision, only cones are present, and these are believed 
to show a 1: 1 relation between receptors and nerve 
fibres. In outer parts of the retina the rods predomin- 
ate, and many rods may converge on to one nerve 
fibre. 

B. Subjective Data. 
THRESHOLDS. 

Subjective measurements of the visual response 
are difficult. The inherent obstacle is the impossi- 
bility of measuring sensations, and the method most 
commonly employed to avoid this difficulty has been 
to measure the intensity of a patch of light when it 
just becomes visible. On the assumption that the 
threshold sensation always requires the same visual 
response to elicit it, measurement of the threshold 
intensity does provide a means of recording the state 
of sensitivity of the eye under various conditions 
of adaptation, etc. This assumption is reasonable, at 
least for restricted conditions of observation, e.g., 
eer angular size of threshold patch. On the other 
hand, to derive anything about the magnitude of 
response that would result from a stimulus well 
above the threshold intensity necessitates assump- 
tions concerning the retinal processes that are diffi- 
cult to justify. For this reason extensive deductions 
from threshold measurements for conditions above 
the threshold must be accepted with reserve. 


Results :— 

Dark adaptation: process observed by measuring thres- 
hold intensity at various times after observer placed in dark 
following pre-stimulation to definite intensity. Curve 
obtained depends on intensity of initial stimulus, area of 
retina used to view threshold patch. Typical result, 
Fig. 3 (14). Where curve has cusp, initial part presumably 
represents regeneration of cone photochemical substance, 
later part regeneration of visual purple. Where no cusp, 
only visual purple involved. 

Retinal variation of sensitivity: for light-adapted eye, 
maximum sensitivity at fovea and rapid falling off in 
periphery (15); for dark adapted eye, minimum sensitivity 
at fovea, maximum 10° or 15° from fovea. 

Glare: measurements of threshold intensity viewed simul- 
taneously with glare source provide record of loss of sensi- 
tivity due to glare. Sensitivity, 8, shown experimentally 
(17, 18) to obey law of type :— 


E 
p= 


where « is a constant, E illumination produced by glare 
source in plane of observer’s eye, and 4 is angle between 
test patch and glare source. Formula as given applies when 
test patch viewed against black background. 

Light adaptation: threshold measurements for various 


intensities of light adaptation show lowering of sensitivity 
as intensity increased, Fig. 4 (19). 

Brightness discrimination: sensitivity to brightness dif- 
ferences recorded by measurement of just noticeable 
brightness difference, 4B, at various intensities, B. 

Relation between B and 4B shown in Fig. 5 (20), 

Result affected if eye maintained at given adaptation 
level instead of adapting to test field. Relation between I 
and 4 I for constant adaptation shown in Fig. 6 (20), 
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Fig. 3. Dark adaptation process for various intensities of previous 
ees stimulation. (Winsor and Clark ('*).) 
Initial intensity of light adaptation shown in diagram. 
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Fig. 4. Threshold brightness for various degrees of 
adaptation. (Nutting (*).) 
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DEVELOPMENT OF RESPONSE. 

The visual response takes a finite, but very 
short, time to develop, and having reached a maxi- 
mum value, the response diminishes. Broca and 
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W. D. WRIGHT ON THE RESPONSE OF THE EYE TO LIGHT 


Sulzer (71) and others have measured the apparent 
brightness of a flashing light for various short ex- 
posures by comparison with a fixed light. The 
development of the response is shown in Fig. 7, as 
obtained recently by Schouten (22), by the method of 
binocular matching. 


LicHTt ADAPTATION. 


Apart from measurements of threshold intensities 
at various adaptation levels, little has been recorded 
of the light adaptation process except for the results 
obtained recently by the binocular matching method 
(22, 25, 24). In this method the right eye views a 
test patch and the left eye a comparison patch, and 
the two may be equated both for colour and inten- 
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Fig. 5. Brightness discrimination curve. (Abribat (?°).) 
AB/B shown in relation to log B, where AB is the just noticeable 
brightness difference observed at different values of the brightness B. 


sity. The right eye is then subjected to various de- 
grees of light adaptation, and the changes induced 
are measured by comparison and equation with the 
patch viewed in the left eye. On removal ofthe 
adapting field, the eye returns gradually to its 
original sensitivity; by making a rapid series of 
matches, the course of this recovery can be derived. 
The author’s results have been confined to the fovea 
and presumably record the photochemical reaction 
that takes place there; Schouten has included the 
effect of extra-foveal adaptation, and has also in- 
vestigated a more rapid action of the adapting light. 


Results :— 


Within limits, depression of sensitivity approximately 
proportional to adaptation intensity. For adaptation of 
6.000 photons, mean result for 85 observers gave reduction 
of sensitivity by factor 12.5. (A photon is the unit of retinal 
illumination. An illumination of one photon is obtained 
when a surface having a brightness of 1 cdl. per sq. metre 
is viewed through a pupil area of 1 sq. mm.) Direct linear 
recovery for some observers after white adaptation, delayed 
recovery for others, Fig. 8 (25). Recovery effectively com- 
plete after two or three minutes. Irregular recovery curves 
obtained after very high intensity adaptations (25). Variety 
of effects obtained after coloured adaptations, which cannot 
conveniently be summarised here (25, 24), Depression of 
sensitivity for given adaptation increases with time of ex- 


posure until approximately steady state reached after about 
one minute, Fig. 9. 

When sensitivity tested after very short exposure to 
adapting light (22) some depression of sensitivity found 
already, which increases with longer (but still very short) 
exposures until steady state reached, Fig. 10. Prolonged 
exposure caused the further depression already illustrated 
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Fig. 6. Brightness discrimination curve for eye maintained at 
constant state of adaptation to field of brightness 3.8 cdls. per sq. ft. 
(Abribat (?°).) 


in Fig. 9. Rapid adaptation called «— adaptation, slower 
process $— adaptation (Schouten). Exposure to glare 
source (viewed 6° from fovea) giving illumination at 
observer’s eye of 17 ft. c. lowered sensitivity of retina at 
fovea to one-eighth initial value. Increase of adaptation 
intensity causes increased a— effect. a— adaptation 
affects adjoining parts of retina in addition to area actually 
stimulated (22). §— adaptation local adaptation confined 
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to illuminated -portion of retina (24). Time of recovery 
from a— adaptation uncertain. If electrical effect as be- 
lieved, recovery likely to be very rapid, although Schouten’s 
results tend to show slower recovery process. 


STILES AND CRAWFORD EFFECT. 


By comparing the brightness of two patches formed 
by narrow pencils of light which had passed through 
different parts of the lens of the eye, Stiles and Craw- 
ford found that a pencil passing centrally through 
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Fig. 7. Development of visual response immediately eye is 
stimulated (Schouten (*?).) 


the lens gave a markedly greater visual response than 
in the case of a pencil passing through the periphery 
of the lens(2° 27). This effect must almost certainly 
be due to the different angle at which the light strikes 
the retina in the two cases. The phenomenon has a 
bearing on the subject of this paper inasmuch as it 
modifies the action of the iris, and in instruments in 
which artificial pupils are necessary, it may mean 
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Fig. 8. Recovery of sensitivity of fovea after adaptation to intensity 


of 6,000 photons. Two types of recovery curve. (Wright (*°).) 
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Fig. 9. Reduction of sensitivity of fovea during process of light 
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adaptation. (Wright (**).) 


This records photo-chemical or S— adaptation process. 
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Fig. 10. 


Reduction of sensitivity of fovea immediately eye is 


stimulated. (Schouten (?’).) 


This records electrical or a— adaptation process. 
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that they must be centred relative to the eye pupils, 
and this, in turn, may mean fixing the observer’s 
head relative to the apparatus. 


GENERAL DISCUSSION OF OBJECTIVE AND SUBJECTIVE 
Data. 


From the data quoted above it may be deduced 
with some certainty that the following processes 
operate when the eye is stimulated. A large initial 
response is produced almost instantaneously, but is 
rapidly reduced to a lower value. The rapid reduc- 
tion is apparent in Hartline’s record of nerve im- 
pulses, in Granit’s inhibitory component, in Broca and 
Sulzer’s observations, and in Schouten’s a— adapta- 
tion. It seems likely also, as suggested by Schouten, 
that this rapid reaction is identical with the effect 
of simultaneous contrast by which, as is well known, 
a surround field or a glare source may produce a pro- 
found effect on the apparent brightness and colour of 
of a test field. The diameter of the iris will also 
rapidly change when the stimulus is introduced. On 
continued exposure to the stimulus, a photo-chemical 
decomposition occurs and continues until a balance 
between decomposition and regeneration is reached 
within a minute or so. If the intensity is high, the 
visual purple system in the rods will be put out of 
action, but cone vision will continue to operate, 
although at a low sensitivity level. These facts 
follow from the subjective adaptation phenomena, 
Granit’s measurements on frogs’ eyes, and experi- 
ments with visual purple. Removal of the 
stimulus causes a partial rapid recovery of 
sensitivity due to the removal of the inhibitory 
component or a— adaptation, and also sets in 
motion a more gradual recovery due to photo- 
chemical regeneration taking place. In the 
cones this regeneration is more or less complete in 
two or three minutes, in the rods at least half an 
hour is required before recovery approaches com- 
pletion. These facts follow, as before, from subjec- 
tive adaptation phenomena, from retinal action 
potential measurements, and from visual purple ex- 
periments. Schouten’s experiments do not suggest a 
rapid recovery from the a— adaptation, but it is 
easy to demonstrate that some recovery from the 
effects of simultaneous contrast takes place almost 
instantaneously, and for the purpose of this paper 
we will assume that the a— process is essentially a 
rapid process. 

hese changes in sensitivity may be represented 
qualitatively in a diagram such as Fig. 11. No 
emphasis need be laid on the shape of the different 
components of the diagram, but it can be regarded 
as giving a general indication of what is taking place. 
The visual response, which is assumed to be propor- 
tional to the sensitivity, will follow a curve similar 
to that of Fig. 11. 

Consider next what happens when one patch of 
light is viewed at the fovea and a second patch is 
thrown on a neighbouring part of the retina. The 
second patch will tend to inhibit or suppress the 
response from the first patch; the sensitivity curve 
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Fig. 11. Diagram to illustrate change of sensitivity of fovea 


during and after stimulation. 
Line AB shows duration of stimulation. 
Dotted part of curve represents rapid, electrical process. 
Continuous part of curve represents photo-chemical process. 


will then be as in Fig. 12, for the particular timing of 
the two patches a in the diagram. 

Finally, what happens to the sensitivity when the 
eye views a scene, as it normally does, by scanning 
it rapidly from point to point, each element of the 
scene being of a different intensity from its neigh- 
bour? Since the eye moves ou over the scene 
there will be no time for any local variations of 
photo-chemical concentration to develop in the 
retina; in other words, the state of the 6 — adaptation 
will be governed by the integrated value of the light 
entering the eye. To some extent this will also be 
true of the a— adaptation; for the contrasting action 
between one light and another is greater the nearer 
they are to one another, and to that extent the 
a—process is a local process. At the same time it is 
clear, especially from Schouten’s work, that the re- 


_ action taking place on one retinal area may spread 


over a considerable fraction of the retina. It is 
therefore desirable to separate the a— adaptation 
into two parts, one a local and the other a general 
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Fig. 12. Diagram to illustrate change of sensitivity of fovea 
during and after stimulation, including effect of glare source 
imaged on neighbouring part of retina. 

Line AB shows duration of stimulation at fovea. 

Line CD shows duration of stimulation from glare source. 
Dotted part ...... electrical process. 

Continuous part photo-chemical process. 
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IN RELATION TO THE MEASUREMENT OF 


effect. This division is not essential and the boundary 
between the two effects cannot be clearly demar- 
cated, but an example given below will illustrate the 
method of approach. For our purpose we may regard 
the general a— effect as governed by an integrated 
value of the light from the scene and assume that it 
will have a roughly constant value for any given 
scene, while the local effect will vary rapidly as the 
eye darts about over the scene. 

Summarising, we can say that the sensitivity of 
any point of the retina is governed by 

(1) the B— adaptation, which will be a function 
of the integrated light from the scene; 

(2) the general component of the a— adaptation, 
which will also be a function of the integrated light 
from the scene; 

(3) the local component of the «a— adaptation, 
which will be a function of the illumination at, and 
surrounding, the point of the retina being considered. 

The visual response will then be derived as the 
product of the sensitivity as defined above and the 
stimulus acting at the point of the retina concerned. 

To illustrate this, consider a very simple example 
of two advertisements mounted side by side in an 
underground train. One has a jet black background 
on which a word is printed in white lettering; the 
other has a white background with black lettering 
on it. Measured with a photometer in the usual way 
the white lettering and the white background will be 
found to have the same physical brightness, yet, sub- 
jectively, the white lettering is noticeably the 

righter of the two. What are the factors which con- 
trol the subjective brightness in the two cases? In 
the first place, as the observer looks about the train, 
the — illumination will produce a fairly steady 
level of photo-chemical adaptation; secondly, the 
general illumination, and in particular the glare from 
the lamps themselves, will cause a certain amount of 
general a — adaptation which, since the two adver- 
tisements are near together, will be of about the 
same magnitude for the two cases. Finally, since the 
amount of light from the two advertisements is very 
different, there will be a much higher degree of local 
a— adaptation from one than from the other. Hence, 
when the same physical stimulus, that is, the light 
from an area of the white lettering or the light from 
an area of the white background, is applied in each 
case, one response will be greater than the other in 
proportion as the sensitivity of the one is greater than 
the other. 

In this way it is possible to analyse the factors con- 
trolling subjective brightness, and it is vital that 
these factors should be understood by anyone aim- 
ing at measuring subjective brightness. 


SECTION Il. 


THE MEASUREMENT OF SUBJECTIVE 
BRIGHTNESS. 


Introduction. 


True measurement of subjective brightness im- 
plies the measurement of sensations. This is an 
impossible process for reasons which the author has 
discussed elsewhere (28), and into which it is not pro- 
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posed to enter here. Yet it is obviously possible to 
compare the apparent brightness of an object seen 
under one set of adaptation conditions with another 
object seen under a different adaptation level; for 
instance, an approximate comparison or match 
might be made by memory, or by the method 
of binocular matching to be described. This com- 
parison does not really measure subjective bright- 
ness, but it does make it possible to erect a reference 
scale of brightnesses. For many purposes this may 
be all that is required; thus, if we had a standard 
level of adaptation, we might be able to say that an 
object in some scene had the same apparent bright- 
ness as intensity Y viewed at the standard level. The 
value Y would then define the brightness of the 
object, and from previous investigations we might 
know that such a value was too low for the task in 
hand. Further, the measurement of brightness is an 
intermediate stage in the measurement of contrast, 
since from the reference scale of brightnesses at the 
standard level, a scale of contrasts can be derived 
(see Section III.); hence a knowledge of the 
“standard brightness” of two objects will lead to a 
determination of the contrast between them. 

It is with the measurement of subjective brightness 
in this sense that this section deals. The problem 
can be divided into two fairly well-defined parts: (1) 
To devise a means of viewing various intensities at 
a standard level of adaptation; and (2) to develop a 
method of comparing the standard brightness with 
the unknown brightness that we wish to measure. 
Superficially, the former appears an easy problem to 
solve, but this is not altogether true. 


Maintenance of a Standard State of Adaptation. 


The most obvious method would be to adapt the 
eye to a standard illumination for a definite time, 
then remove the adapting field rapidly and substi- 
tute whatever matching intensity was required. This 
intensity is then, it seems, being viewed at a standard 
level of adaptation. The error in this assumption 
can be shown by reference to Fig. 13. Just before 
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Fig. 13. Sensitivity changes of fovea when viewing test patch 
after adaptation to standard intensity. 
Line AB shows duration of exposure to standard adaptation. 
ine EF shows duration of exposure of test patch. 
Dotted part ..... electrical process. 
Continuous part ——— photo-chemical process. 
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the adapting light is removed the sensitivity reaches 
a standard level, but as soon as it is removed the 
a— component recovers. On introducing the match- 
ing intensity, a new a— component will immediately 
be introduced, and, if viewed for any time, a new 
B— process would also come into operation. The 
instant at which the match is made will determine 
the actual sensitivity level of the eye, but it will be 
seen that, to some extent at least, this level will be 
governed by the value of the matching intensity 
required. When measuring a high value of subjec- 
tive brightness, a high matching intensity will be 
needed, producing a greater adapting action. Hence 
strictly it is impossible to view a range of matching 
intensities all at one standard adaptation level. 

Fortunately, although it is a point that requires 
thorough examination, it is more of academic than 
practical importance. From the engineering point of 
view, what is required is a standard technique for 
reproducing any apparent brightness rather than a 
standardised state of adaptation. This can be 
achieved by standardising the following quantities: 

(1) The intensity of the preliminary adaptation. 

(2) The size of field of this adaptation. 

(3) The duration of the adaptation. 

(4) The period to elapse between the end of the 
adaptation and the comparison between the match- 
ing intensity and the unknown intensity. 

(5) The size of field of the matching intensity. 

There is nothing to be gained at this stage by dis- 
cussing in detail the values that would be most suit- 
able for these quantities. In passing, however, it may 
be mentioned that dark adaptation would be incon- 
venient in practice as the standard preliminary adap- 
tation owing to the time required to attain it; further, 
a very high intensity is undesirable because of cer- 
tain abnormalities that may be introduced in the 
visual mechanism (25). As a compromise, a retinal 
illumination of 5,000 photons has been suggested (28); 
it is also likely that at least one other working stand- 
ard would be advisable when testing brightnesses of 
smaller magnitude associated, for example, with 
street lighting problems. 


Method of Comparing Apparent Brightnesses. 


Assuming that there is available a method of pro- 
ducing any apparent brightness under the appropri- 
ate specified conditions, what method is to be used 
to equate that brightness to the one that has to 
be measured? To make the problem more con- 
crete, suppose that it is required to measure the 
apparent brightness of a road surface as it appears 
to a motorist driving along the road when 
adapted to the lighting conditions in the road and 
when subjected to the glare from an oncoming head- 
light. Two possible methods seem to be open. 
The first is that of a memory match, in which the 
road surface is viewed first, to be followed by the 
reproduction in some instrument of the brightness 
of the road as nearly as can be remembered. 

It will ineneiiabely be obvious that any measure- 
ment of this sort must be of a low order of accuracy. 


Even so, it would be a mistake to despise the value 
of a memory match, and it should undoubtedly be 
given a thorough trial. 

The second method is that of binocular matching 
in which one eye views the road surface while the 
other views a comparison patch under standard con- 
ditions. A direct match between the two would then 
be made. This method has been employed success- 
fully during the past few years (22, 25. 24) in the in- 
vestigation of visual processes, and the author is 
satisfied as to the validity of the principles involved. 
These have been discussed in detail in another paper 
(25), and space need not be taken here in re- 
peating that discussion. It is easy, however, to 
visualise a number of fresh difficulties that would 
follow any attempt to transform the apparatus and 
method from a laboratory process into an engineer- 
ing device suitable for use in the field. For in- 
stance, to prevent the Stiles and Crawford effect from 
introducing variations and uncertainties into the 
measurements, it has been necessary to centre the 
exit-pupils of the apparatus relative to the eye-pupils 
of the observer, and in order to maintain that posi- 
tion the observer’s head has been fixed relative to 
the instrument by arranging for him to bite on a 
dental impression attached to the mechanism. There 
is no reason, of course, why the field engineer should 
not be allowed to bite his apparatus in the same way 
as the research worker, but it is doubtful whether 
he would submit so meekly. 

Associated with this is the question of pupil dia- 
meter. Artificial pupils overcome variations due to 
changing diameter of the iris, but if the road surface 
is to be seen under natural conditions the pupil 
should be allowed to adjust itself to the diameter 
appropriate to the illumination concerned. This need 
not prevent an artificial pupil being placed in front 
of the eye adapted to the standard illumination, but 
if the latter were appreciably brighter than the road 
surface, it would exert a greater control over the dia- 
meter of the iris than the road illumination. 

Further, in the laboratory investigations the actual 
matching in the two eyes has been between two small 
patches, each subtending about 1° by 2° at the eye. 
In a field instrument the match would have to be 
made between a patch of similar size and a large 
irregular area such as a road. This would also pre- 
sent a certain amount of difficulty and require a 
special technique. 

There is also the difficulty, experienced in other 
branches of photometry as well, of the differences 
existing among various observers. (See, for ex- 
ample, Fig. 8.) This would no doubt have to be 
overcome by using an average or “ normal” observer. 

One obstacle to measuring subjective brightness 
that applies to whatever method is contemplated is 
peculiarly subtle. In Section I. the factors that 
govern the magnitude of the visual response have 
been discussed, and reference was made to the fact 
that, in looking at any ‘scene, the photo-chemical 
adaptation level will be governed by the integrated 
light from the scene. But this does not apply when 
the eye, instead of scanning rapidly across the scene, 
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gazes steadily at a given area for any length of time. 
Under these conditions local adaptation levels 
develop on the retina, and in consequence the sensi- 
tivity, and hence the visual response, is modified. 

From this it follows that any attempt to measure 
the subjective brightness of part of a scene will be 
successful provided it is glanced at only intermit- 
tently. If the observer looks continuously at what 
he is trying to measure, his measurement will be 
erroneous. For faint objects, the error is not likely 
to be great provided it is not viewed steadily for too 
ae For bright objects, the error may be consider- 
able. 

Measurement of Subjective Colour. 


It is impossible to deal at any length here with the 
measurement of subjective colour. This can be 
achieved, for instance, by adapting a colorimeter for 
use with binocular matching where the test patch is 
viewed in one eye and the instrument primaries in 
the other. The author has recently built an instru- 
ment that can be used in this way (2°), but it is im- 
probable that anything so elaborate as that could 
ever be developed into an engineering tool. Prob- 
ably the most that could be done would be to use a 
photometric instrument in which colour differences 
were effectively eliminated by putting colour filters 
in front of the patch viewed under standard adapting 
conditions. The subjective brightness of the coloured 
patch could then be determined as a _ subsidiary 
measurement under laboratory conditions using a 
binocular colorimeter. Perhaps this is looking rather 
far ahead, yet colour contrast plays a very important 
part in illumination, and if it is to be measured, 
some such method will have to be considered. 


SECTION Ill. 
THE SPECIFICATION OF CONTRAST. 


Introduction. 


Although the measurement of sensations is impos- 
sible, it is possible to erect a scale of sensation inter- 
vals or contrast steps; thus, if two intensities A and 
B are selected, a third intermediate intensity, C, can 
be found such that the contrast between A and C is 
equal to that between C and B. Extending the pro- 
cess over the whole gamut of intensities, it is at least 
theoretically possible to divide the complete sensa- 
tion interval from subjective black to blinding white 
into a large number of equal contrast steps. Sup- 
posing, then, that it was required to find the contrast 
between an object in a road and the background 
against which it is viewed, it would be necessary to 
determine the number of contrast steps covered by 
the interval between the brightnesses of the object 
and its background. This section, therefore, deals 
with the method to be followed to derive the con- 
trast scale and the means to adopt to equate an 
unknown contrast to the appropriate interval on 
that scale. 


The Contrast Scale. 


From what has already been said earlier, it is 
obvious that the specification of two intensities A 
and B is not sufficient to define the subjective con- 
trast between them. This will vary according to the 
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state of adaptation of the eye, and a standard scale 
must therefore be erected under properly defined 
conditions of viewing. The obvious choice of condi- 
tions would be the same as those adopted for measur- 
ing subjective brightness, and for those conditions, 
as wide a range of test intensities as possible should 
be divided into equal contrast steps. 

This is not likely to be easy, but it should be pos- 
sible. Difficulties similar to those referred to in 
connection with subjective brightness would be 
encountered, and no doubt others would also arise. 

One new difficulty may be mentioned. In the 
familiar stepped wedge, although each area is ‘of 
uniform density, yet when placed next to its neigh- 
bour it appears darker on one side than the other. 
This, presumably, is primarily due to the effects of 
simultaneous contrast, although local variations of 
photo-chemical adaptation, made apparent through 
involuntary eye-movements, may be partly respon- 
sible. Whatever the cause, the phenomenon would 
make the equating of contrasts more difficult. 

The only data available, as far as the author is 
aware, which aim at deriving a contrast scale under 
properly controlled adaptation conditions, are those 
of Abribat (2°). The one objection to Abribat’s work 
is that the scale is derived from observations of just 
noticeable differences, a process that may not be 
identical with the derivation of equal steps of con- 
trast. Space will not permit any detailed discussion 
of this question (see (*) for a further analysis), but 
one illustration may serve to indicate the dilemma 
that might arise from the use of threshold steps. _ 

Suppose the field of view is circular and is 
divided into two equal parts as in Fig 14 (a), one 
half being appreciably darker than the other. 





(a) (b) 





Fig. 14. Effect of variation of field size on contrast. 


An observer is conscious of a certain amount 
of contrast between the two halves. Now su 
pose the field is reduced in size, Fig. 14 (b), 
without any change in intensity of the patches; the 
contrast between them will remain practically the 
same, at least until the field is made very small. This 
is. precisely as expected if contrast were to be 
evaluated from values of the subjective brightness 
of the two fields, since these will be practically un- 
affected by the reduction in size of field. But if the 
contrast has been calculated from the number of 
just noticeable steps, the value would have been 
— with the large field than with the small 
eld, since the eye is more sensitive to small differ- 
ences the larger the field of view. How is this dis- 
crepancy to be resolved? Is it right to assume that 
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the contrast between the two parts of the field when 
set for a just noticeable difference is smaller for 
the large field than for the small field? Or is the 
summation of small differences to give a measure of 
a finite degree of contrast not a legitimate process? 
In either case the validity of a contrast scale based 
on just noticeable differences is very uncertain. It 
must, on the other hand, be admitted that, inversely, 
the scale derived from finite steps is equally uncer- 
tain when applied to very small intensity differences. 

A similar discrepancy would probably arise if the 
time of viewing were reduced to a very short inter- 
val. However, as a problem in illuminating engin- 
eering, the measurement of contrast is most fre- 
quently related to the evaluation of visibility; the 
specification of contrast would form one element in 
the specification of visibility, while area and time of 
exposure could be regarded as separate elements. 
Regarded in this way, contrast could then be safely 
measured in terms of the subjective brightness of 
the contrasting areas. 


The Measurement of Contrast. 


If the view expressed in the last sentence is ac- 
cepted, the measurement of contrast reduces to the 
measurement of subjective brightness on the lines 
suggested in Section II. The measurements would 
have to be made under the working conditions in 
which the contrasting objects were normally seen, 
and recorded, presumably by the binocular method, 
in terms of the brightness of test patches viewed 
under standard conditions of adaptation. Interpola- 
tion on the standard contrast scale would then give 
the required value of the contrast. 

It is possible that the contrast could be found 
directly without interpolation on the standard scale 
by endeavouring to match binocularly the unknown 
contrast against the contrast between two patches 
viewed under standard conditions. This method 
would, no doubt, deserve investigation, yet on the 
principle that the actual observations by the engin- 
eer should be reduced to the simplest possible terms, 
the former method is to be preferred. 


Colour Contrast. 


The specification of colour contrast is an extremely 
formidable problem. Assuming the apparent colour 
of two contrasting surfaces is known, what scale is 
to be used to deduce the contrasts between them? 
A vast amount of work equating the contrasts be- 
tween pairs of colours, all viewed under standard 
conditions, would have to be undertaken and the re- 


sults fitted into a colour solid. No doubt this will 
one day be possible; in the meantime, if the need of 
industry is urgent, a more arbitrary measure of visi- 
bility will have to be devised. 


Conclusion. 


The survey given in this paper constitutes an 
attempt to visualise the problems likely to be en- 
countered in any attempt to measure the subjective 
effects of light. The first reaction may be that the 
difficulties are so numerous as to make the task al- 
most hopeless. Nothing would be gained by shirking 
these difficulties; it is much better to examine them 
critically and estimate their magnitude. But it is 
not uncommon, after a subject has been examined 
as a complex academic problem, for the engineer to 
overcome the objections and provide an entirely 
satisfactory answer in some simple way. It is to be 
hoped that the same result will follow in this case. 
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DISCUSSION 


Dr. R. J. LYTHGOE, a member of the Vision Commit- 
tee of the Medical Research Council, said the paper 
emphasised in a negative way the number of gaps 
there were in our knowledge of the mechanism of 
sight. We knew something about the physical pro- 
perties of the light and the physical properties of the 
eye. We knew something about the photo-chemis- 
try of the eye, but then there came a gap. We knew 


something about the electric impulses which trav- 
elled up the optic nerve as the result of shining a 
light in the eye; but then there was another gap, 
after which we knew something about sensation. The 
whole story was still very disjointed. 

Continuing, Dr. Lythgoe said the author had been 
able to make some very careful and interesting 
measurements of the rate of recovery of the eye after 
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DISCUSSION 


it had been exposed to bright light. One of the dis- 
advantages up till now of physiological work on the 
eye had been the fact that we had been too much con- 
cerned with the measurement of thresholds. . The 
great advantage of the author’s method was that it 
measured the brightness of a bright light, so to speak; 
something that had to be dealt with in everyday life. 
At the same time, he would like the author to extend 
his observations so as to make a direct comparison 
between the progressive changes in the apparent 
brightness of a test light after exposure to a bright 
light and threshold measurements taken under simi- 
lar conditions, to see just how the two measurements 
compared. 

Considered by itself the measurement of the bright- 
ness of a light really tells us very little about the 
goodness of our vision at any time. Supposing one 
sat in the dark for half an hour and then suddenly 
switched on the light, everything would appear very 
bright for some seconds, but it would not be possible 
for the person to read a book, discriminate bright- 
ness, or make any other fine visual judgment; the 
person would be blinded by too much brightness. In 
much the same way the finer visual judgments are 
better when the test object is surrounded by an 
equally bright field, although the apparent bright- 
ness of the test object is less than it would be if the 
surroundings were black. 

Another matter which interested him was the ques- 
tion of definitions, and he felt that something ought 
to be done to ensure more uniformity in the terms 
used to describe visual appearances. The word 
“contrast ” was used in several different senses. In 
physiology, when describing the changes in apparent 
brightness and colour produced by the influence of 
one patch on another, there was now a tendency not 
to talk of “ contrast phenomena,” but about “ simul- 
taneous induction.” The author and Dr. Schouten 
used the expression “a-adaptation ” to describe much 
the same processes. Personally, he felt that the 
word “contrast” was capable of physical definition, 
and such a definition should be given to it and adhered 
to. This ought not to prevent us using the word in 
its ordinary meaning when we wanted to do so. An 
attempt had been made by photometrists to rob 
everyday speech of the word “intensity,” but there 
was no reason why a word should not be used at one 
time in its ordinary meaning and at another as a 
specialised word. The author said he was pleased 
that those who had suggested that “ intensity” should 
be used only in its specialised meaning could not 
enforce discipline even in their own ranks. Let us 
define contrast but not rob the English dictionary in 
doing so. 


Dr. J. W. T. Watsu said that under the heading 
“Subjective Data” in the paper there was a rather 
abbreviated sentence which was liable to a certain 
amount of misconception unless it were further ex- 
plained. The author gave a formula for the glare 
effect and, although the sentence in which it 
occurred was probably correct, it was so condensed 
that it was liable to be a little confusing. 

The main point in the paper which interested him 
was the rather cheering statement with regard to the 


capacity of the engineer to produce a simplified test 
which could be used in the laboratory, and in this 
connection the author was a little more optimistic 
than a pure physicist might be expected to be when 
referring to the memory match. The majority of 
physicists, and probably physiologists, would per- 
haps be inclined to turn down the memory match, 
but the engineer would think twice before doing so, 
and it was some satisfaction to see the author en- 
couraging the engineer to use a method of that kind 
because it was a much easier thing for him to do. It 
would be interesting if the author would give some 
information with regard to the use of the memory- 
match method of assessing glare. Illuminating 
engineers had been seeking, and were still seeking, 
some method of giving a kind of numerical evalua- 
tion to the effect of any glare source, and it would be 
very valuable to have even a rough numerical value 
for the effect of glare sources on the street, for ex- 
ample, as far as they reduced the sensitivity of the 
eye of any road user. Reading the paper it had 
occurred to him that it might be useful to take a 
particular street, to make a photograph of it under 
carefully controlled conditions such as were de- 
scribed before the Society by Mr. Hopkinson and 
produce a transparency of a reasonable size in a box 
which one could hold in the hand. It would then 
be possible to arrange the brightnesses in that trans- 
parency to be approximately equal to the corre- 
sponding brightnesses in the actual street, but to 
eliminate the glare effect. One could then go a step 
further and give the observer means of controlling 
the brightness of the transparency to give the nearest 
““memory-match ” with the brightness of the actual 
street. In that way it might be possible to arrive at 
a rough estimate of the glare effect of the light 
sources in the installation. If there was any possi- 
bility of doing something along these lines without 
going too widely astray, illuminating engineers 
would be very grateful. 


Mr. A. W. BEuTTELL said that illuminating engin- 
eers had for a long time assessed lighting in terms of 
the foot-candle and had been content to specify the 
performance of a lighting installation in terms only 
of the amount of light falling on the working plane. 
The effect that the illumination had on the eye had 
never been sufficiently known, as it had never been 
possible to measure it. Factory Acts and Govern- 
ment Departments specified methods -for illuminat- 
ing factories which were intended to ensure that 
there should be no danger, and they specified so many 
foot-candles, which, however, meant very nearly next 
to nothing, because it was easily possible to provide 
all the foot-candles specified and yet have extremely 
dangerous conditions for the workers. It was for 
that reason, therefore, that most people concerned 
with illumination had had in their minds for a long 
time the hope that some day it would be — to 
assess light in terms of what the eye actually saw. 

Continuing, Mr. Beuttell said he wished to make an 
appeal to the author, who had knowledge which en- 
gineers had not. The author and his colleagues, little 
by little, had been getting to the bottom of this prob- 
lem and were evidently making good headway. Per- 
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sonally, he believed there was a short cut to getting 
the result required in the system of binocular match- 
ing which had been described. At the same time, he 
was a little afraid that the author and those used to 
research work were, perhaps, paying more attention 
to precision and accuracy than engineers really 
needed. Therefore, he would like the author, if pos- 
sible, to give an idea of just what kind of error en- 
gineers had been in, in accepting the foot-candles 
they had been used to for their working purposes. In 
a factory, for example, with some machines, and 
where, instead of a shielded source, there was a naked 
lamp or a very bright diffusing shade. In such cases 
he believed that the efficiency of the eye was re- 
duced, possibly, to 20 per cent., and if the author 
could give a rough indication as to whether, 
in these circumstances, illuminating engineers 
were only using 50 per cent. or 20 per cent., 
or even only 10 per cent., of the light they 
were providing, it would be an extremely useful 
thing. An instrument for that purpose, even with 
defects, provided it gave roughly the information 
required, would be of very great service. 


Wing-Commander P C. Livincston, a member of 
of the Vision Committee of the Medical Research 
Council, said he was the eye specialist to the Air 
Force, and spoke as an ophthalmic surgeon. He had 
done a good deal of work in connection with night 
flying, which was a tricky problem, especially with 
modern high speeds and many changes in brightness 
in flying over cities and over country, or under 
searchlight conditions. In carrying out experimen- 
tal tests upon pilots for night flying, he found that 
where the considerations of form sense were con- 
cerned, pilots could be divided into two groups as 
regards their reactions under conditions of reduced 
illumination, namely (1) absolute form appreciators 
and (2) initial relative form appreciators. He dis- 
covered on examining the literature that this differ- 
entiation was not in itself original, because much 
work had been done by Thoules of a somewhat 
parallel character. It, however, helped to emphasise 
very definitely the psychological aspect of the prob- 
lem, which appeared just as important as the physio- 
logical, or the ophthalmological, or any other. The 
ean response to certain stimuli varied in 
different ways with different individuals and it could, 
no doubt, play an important part in night flying. 
Therefore, the question of the psycho-visual reactions 
of a man was of interest but, owing to this particu- 
larly elusive factor in mental architecture, it was 
evident that no physical or physiological test could 
be expected to reveal similarity of response between 
individuals where it concerned the visual are and 
where the conditions produced offered some barrier 
to clear interpretation. 


Surgeon-Commander M. B. McLeop said that in 
the Navy problems similar to those mentioned by 
the last speaker arose. There were difficulties in- 
volved in colour-contrast and in the assessment of 
things observed. The experiments which the author 


had been carrying out encouraged hopes for the 
future. 


Dr. W. S. Stites remarked that Dr. Wright had 
told those present a great deal about the measure- 
ment of subjective brightness by the method of 
binocular matching. He had not mentioned, how- 
ever, that his earlier work on colour adaptation, 
using the binocular method, had enabled the three- 
colour response curves of the eye to be “nailed 
down” on the spectrum. Prior to this work, any 
one with a little ingenuity and a calculating match- 
ing could slide the colour response curves along the 
spectrum in the most disconcerting manner. 

In this work on colour adaptation, the binocular 
match was made between a patch of light seen by 
the right eye only and a patch of light seen by the 
left eye only, and there were no other brightnesses 
in the field during the actual match. In the exten- 
sions of the binocular method considered in this 
paper, the conditions of comparison were less simple. 
A situation might occur in which the two retinal 
areas, one in the right eye and one in the left eye, 
which corresponded to the comparison patch in the 
binocular field both received light: the retinal area 
in the comparison eye receiving light from the com- 
parison brightness and the retinal area in the other 
eye receiving light from a part of the external scene 
adjacent to the part whose apparent brightness was 
being measured. It seemed that in these circum- 
stances the binocular method would no longer be 
valid because the apparent brightness of the com- 
parison patch in the binocular field would depend 
on the distribution of brightness in the external 
scene. He would like to ask Dr. Wright how such 
a case might be dealt with. 

Another question which arose was the following: 
if, under two different sets of lighting conditions, the 
apparent brightness of the working area had the 
same value, would the efficiency of performance of 
the work in the two cases be the same? This, he 
imagined, could be determined only by measuring 
the efficiency of performance under the two lighting 
conditions. One was thus thrown back on the type 
of problem which had long been attacked by thres- 
hold measurements and other methods. 

The limited success in applying threshold measure- 
ments to practical questions was due in great part 
to the difficulty of reproducing in experimental 
work all the complexities of practical situations. In 
laboratory experiments at high brightnesses the eye 
could detect a difference of brightness of 1 or 2 per 
cent., and a difference of 5 per cent. was quite un- 
mistakable. Yet, in practice, no motorist would see 
a “No parking ” sign written in letters of 5 per cent. 
contrast. By increasing the contrast until the sign 
had the desired effect an effective threshold value 
could be determined with a value much larger than 
the laboratory threshold. Attempts to analyse such 
differences suggested that factors entered which 
had little to do with the limitation of vision by the 
physiological mechanism in the eye. 

There was little doubt that many psychological 
factors familiar to the psychologists under names 
such as “organisation of the field of view,” “ retro- 
gression to the real object,” “social group of the 
observer,” and so on, would have to be considered 
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in determining how well one saw when contrasts 
greatly in excess of the minima fixed by the visual 
mechanism of the eye were available. 

He did not think that the notions of subjective 
brightness and contrast, any more than ordinary 
threshold notions, would carry us very far in dealing 
with difficulties of this kind. 

However, there were certain simpler practical 
situations where threshold measurements could be 
applied and others where measurements of apparent 
brightness were appropriate. An example in the 
latter category was the problem of correct reproduc- 
tion in photography where the final objective was to 
obtain the same appearance in the photograph as in 
the actual scene. Perhaps Dr. Wright could say how 
far this problem was likely to yield to the methods 
described in the paper? 


Mr. R. G. Hopkinson called attention to a most 
important point made by Dr. Wright, that the data 
on subjective brightness should be obtained in two 
stages. In the first place, it is necessary to measure 
the brightness of an area in units referred to some 
standard set of conditions, and, second, to interpret 
this measurement in terms of a fundamental con- 
trast scale. Personally, he considered that it was 
the derivation of this fundamental scale of contrast 
which should be regarded as work of the first 
priority, as in many problems such a scale was 
essential for a truthful interpretation of the visual 
significance of brightness readings. At present those 
who were engaged on work involving problems of 
vision had available only the incomplete data which 
Abribat had obtained, but, even so, this had proved 
most helpful, and had emphasised the necessity of 
having available more complete data. 

Concerning 'the experimental procedure to: be 
adopted in deriving subjective data, he understood 
Dr. Wright to say that, although he did not dismiss 
all methods involving mental estimates, he was much 
in favour of the method of binocular matching. 
Undoubtedly, the binocular matching method was a 
most elegant one, particularly for fundamental 
laboratory determinations, but Mr. Hopkinson won- 
dered if it would be more accurate for a field instru- 
ment than a method involving mental estimates. It 
would, for example, be limited to observers whose 
eyes showed no anomalies when one eye was com- 
pared with the other, and would be difficult to apply 
to experiments in which the experimental conditions 
were intended to simulate as nearly as possible the 
visual conditions of some particular task. He, there- 
fore, asked whether it would not be useful thoroughly 
to investigate those methods which involved making 
mental estimates under conditions more comparable 
with normal seeing than the conditions of the bino- 
cular matching method. He asked this with particu- 
lar interest, because he and his colleagues were en- 
gaged on a quantitative investigation of problems of 
discomfort glare, and had adopted an experimental 
procedure which depended on the ability of observers 
to make mental estimates, and which was working 
successfully. He had also used three different 


methods of mental estimation to derive a contrast 
scale, which, however, was obtained at one adapta- 
tion level only. 

The first series of readings illustrated in Figure 1 
were obtained by drawing, with a very soft black 
pencil, a series of contiguous squares on a sheet of 














uw 
— 
< 
O 
”“ 4 
= a 
< 97 
x 8, 
7 
O 67 
0 §- 
~- 44 + 
- ¥ 
@ 43 
e IY 
a 
[4 
< . 
10 10"! ! 10 10? 
BRIGHTNESS OF TEST OBJECT (e.f.c.) 
Fig. |. Relation between Photometric Brightness and Contrast 


(based on observation of adjacent squares of apparent equal 
brightness difference). 


white paper, blackening each square successively 
darker, so that the apparent brightness difference 
between each was the same, under the given adapta- 
tion conditions. (Alteration of the adapting condi- 
tions produced a striking change in the apparent 
brightness difference between the squares.) The 
brightness of each square was measured with a photo- 
meter, and a curve drawn between these photo- 
metric brightnesses, plotted on a logarithmic scale, as 
abscissae, and equal intervals of a contrast scale, as 
ordinates. The curve obtained was not a straight line, 
but of a shape rather similar to the curves of Abribat, 
to which Dr. Wright referred. 

For the second series of readings, shown in Fig. 2, 
the test field consisted of a Lummer-Brodhun photo- 
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Fig. 2. Relation between Photometric Brightness and Contrast 
(based on Lummer-Brodbrun Contrast Field Method): Average 
Brightness of Field of View = 8 e.f.c. 


meter cube, illuminated on each side by a known 
brightness. Both sides of the photometer field were 
initially adjusted to appear black to the observer, 
under the adapting conditions which were fixed 
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throughout the experiment. The photometer field 
was then put out of balance by increasing the 
brightness of one side of the field only, and the 
physical brightness difference was measured which 
corresponded to a given estimated degree of “ out of 
balance ” in successive steps of brightness. This was 
repeated until sufficient steps had been obtained. A 
curve was then plotted between the photometric 
brightness corresponding to each balance level, 
plotted on a logarithmic scale, as abscissae, and equal 
steps of a contrast scale, as ordinates. 

or the third set of readings the observer viewed 
a test object 24 in. away subtending an angle of 
about 5 deg. at his eye. The test object was viewed 
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Brightness of Field of View = 8 e.f.c. 


Fig. 3. 


with both eyes amongst the other objects in the 
laboratory. The brightness of this test object was 
under the observer’s control. Commencing with a 
very low brightness, he raised the brightness of the 
test object in a series of steps which appeared to him 
to be of equal value. e had no standard of 
reference except that of the adapting conditions. One 
curve was obtained by raising the brightness in a 
series of large steps, the other by raising the bright- 
ness in a series of small steps. No numerical value 
was attached to the estimates “large” and “small,” 
but it so happened that the available range of bright- 
ness of the test object was divided into eight steps 
in the first place and into sixteen in the second. 

These results show that the method of mental 
estimates could be used to obtain a contrast scale 
under conditions closely comparable with the con- 
ditions of normal seeing. The results obtained by 
estimating equal contrasts show a marked similarity 
to those obtained by estimating equal changes in 
brightness by a memory match only. 

It was essential,of course, that any contrast scale ob- 
tained in this or any other way should be rigorously 
checked by experiment. It was also important that 
the limitations involved in the interpretation of a 


contrast scale should be understood, so that too great 
an accuracy would not be expected of it. It was 
known, however, that contrast scales such as those 
of Abribat could give an interpretation of measured 
physical quantities which accorded much better with 
experience than did the present systems of interpre- 
tation. This was particularly true in problems of 
street lighting. Therefore it would undoubtedly be 
a step forward to obtain, and to employ in their 
work, subjective brightness data such as Dr. Wright 
has discussed in his paper. 


Mr. E. W. Murray, referring to the funny tricks 
played by the eye, asked if the author could explain 
why a disc, in a reasonable contrast of illumination 
(about 8 f.c. on disc and a black background), after 
revolving for a period of twenty or thirty seconds, 
appeared to revolve in the opposite direction when 
it was stopped. 


Mr. J. S. Dow said he had an interest in this sub- 
ject because he believed he was one of the very first 
to whom Mr. Beuttell showed his binocular appara- 
tus. He had found some difficulty in obtaining a 
constant visual impression, but no doubt, with prac- 
tice, better consistency could be obtained. He had, 
from the first, been impressed by the originality and 
interest of this method—almost the only available 
one for recording apparent depression of vision 
through exposure of the eye to glare. But there 
did seem some difficulty in deciding quite what one 
was measuring. It was evident, for example, that if 
one eye was in darkness and the other exposed to 
any degree of illumination—even to conditions that 
were free from glare so far as it was possible to en- 
sure it—the apparent brightness seen by the exposed 
eye would be less. Dr. Lythgoe’s researches had, he 
thought, confirmed the view that the greatest sensi- 
bility of the eye to contrast was secured when the 
object observed was seen with a surround of aproxi- 
mately equal brightness. Perception was not so 
good if the surround was dead black. The binocular 
apparatus would, however, apparently lead one to 
form the opposite impression. 


Mr. K. J. W. Craik said he could corroborate what 
had been said about high brightness not being 
desirable. In some experiments he had carried out 
he had shown that after coming out of a dark room 
the brightness of a white surface might be very 
great but the acuity, or the resolving power of the 
eye, was very bad. 


Mr. J. HutcHeon asked the author whether he had 
ever discussed in his own mind the difference be- 
tween light when it was looked at and when it was 
looked through. 


Mr. P. FREEDMAN (communicated): The author 
has shown in his paper how great are the difficulties 
involved in the specification of contrast. In his “ Per- 
ception of Light” he mentions still further difficul- 
ties to be surmounted. 

Abribat’s method is apparently suitable only either 
when all observed objects are white or different 
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shades of grey, or when the level of illumination 
corresponds to scotopic mechanism of vision, unless 
we are prepared to talk of such things as just per- 
ceptible differences between red and green. Further- 
more, while Abribat’s method applies when all ob- 
jects are stationary, what will happen if one or more 
objects are in motion? 

If, on the other hand, instead of constructing a 
contrast scale by Abribat’s method, the method pro- 
posed by the author is adopted, there appears the 
difficulty which he mentions in his “ Perception of 
Light,” namely, that no contrast scale based on 
observation of large contrast steps has yet been 
evolved and, according to Gage’s experiments, even 
if available, would be suspect. 


Dr. W. D. Wricut, in reply, remarked that the most 
important question, raised by Dr. Lythgoe and others, 
was what did apparent brightness tell us and to what 
use could a knowledge of its value be put. This 
question was not one with which he had attempted 
to deal in the paper; the assumption had been made 
that measurement of subjective brightness and con- 
trast was necessary, and an attempt had been made 
to examine the methods available to make the 
measurements. Since, however, the question had 
been raised, it was desirable that the uses, and the 
limitations, of a knowledge of subjective brightness 
should be made clear. 

First, a knowledge of subjective brightness was im- 
portant because it indicated what the observer actu- 
ally saw. It did not follow that a high value of subjec- 
tive brightness was necessarily a good thing; much 
depended on the purpose of the lighting installation 
being considered. Several contributors to the dis- 
cussion, for instance, had referred to the fact that 
good seeing conditions frequently called for illumi- 
nation of the surround field as well as of the work 
in hand, whereas a dark surround would have raised 
the apparent brightness of the object. With equal 
brightness of test object and surround, then, on in- 
creasing the illumination, no marked increase in sub- 
jective brightness of the scene might be obtained 
owing to the greater adaptation of the eye, yet the 
efficiency of the eye might be improved. For cases 
such as that, obviously subjective brightness could 
give no indication of the merits of the lighting 
system. But if the surround illumination were not 
identical with that of the local illumination, 
measurements of the subjective brightness of the 
central field and the surround would indicate how 
far the actual system departed from the ideal. For 
instance, a factory might be illuminated to what 
might be regarded as a satisfactory level when 
recorded in foot-candles, yet, owing to other circum- 
stances, such as exposed, glaring sources, the archi- 
tecture of the building, the arrangement of the 
machines, and so on, the general impression might be 
a distinctly gloomy one. If this gloom could be 
measured, one stage towards its improvement would 
have been reached. Alternatively, measurement of 
the subjective brightness of the glare sources them- 
selves would help to emphasise the seriousness of 


exposure to the glare and lead to an improvement 
in the lighting. 

In the case of street lighting it would never be 
possible even to approximate to the ideal of equal 
illumination of road and surround (including the 
sky), neither would the brightness of the road surface 
ever become so high that vision would be impaired 
in the way suggested by Dr. Lythgoe, Mr. Craik, or 
Mr. Dow. On the contrary, it could be fairly safely 
assumed that the higher the apparent brightness of 
the road the better the seeing conditions. Moreover, 
if some borough councillors were concerned with 
getting a good lighting installation they would come 
along and compare two installations; and if one 
looked brighter than the other they would probably, 
and rightly, choose that one. : 

Again, there were a number of instances where no 
attempt would be made to secure equal illumination 
of object and surround, and where, subject to the 
absence of any glare effect, as high a subjective 
brightness as possible might be desired. The stage 
of a theatre, the illumination of a shop window or 
an advertisement, the illumination of a warning sign, 
or of a kerb or a road sign, were examples. The 
measurement of subjective brightness would enable 
the true value of the lighting device to be estimated. 

It might be possible to come along with some weird- 
looking lamp of some peculiar colour and say that 
when the eye was adapted the lamp would give a 
greater apparent brightness than any other lamp, 
and he would defy anybody at the National Physical 
Laboratory to prove him a liar without doing some 
binocular matching. 

Also, the measurement of subjective brightness 
was a stage in the measurement of contrast, and for 
all conditions where good contrast was essential a 
knowledge of the apparent brightness of the con- 
trasting areas would be necessary. Further, as in- 
dicated by Dr. Stiles, it would be valuable in investi- 
gations on photographic reproduction and generally 
into the aesthetic effects of light. 

Finally, one could visualise the method as leading 
to the erection of a scale to measure glare, much as a 
scale of phons had been devised to measure noise. 
Sufficient had been said to indicate the vast field of 
work that would be opened up if a practical method 
of measuring subjective brightness were available. 

Turning to detailed points in the discussion the 
author hoped it would be possible, as suggested by 
Dr. Lythgoe, one day to compare the results ob- 
tained by binocular matching with those of thres- 
hold observations. He agreed that some definition 
of contrast was very desirable, but at the same time 
he was very loth that too much time should not be 
wasted on defining words, so long as everyone knew 
to what one was referring. 

With regard to Dr. Walsh’s remarks, the sentence 
explaining the glare formula appeared garbled owing 
to two lines of print having become interchanged. 
This had been corrected. Concerning the accuracy 
of memory matching, he was not sure what sort of 
accuracy might be obtained, but he believed that if 
it were done under fairly rapid conditions, switching 
from the test patch to the comparison patch quickly, 
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fairly accurate results (say + 25 per cent) would be 
obtained. The photographic method of measuring 
the effect of glare in street lighting should be 
feasible, but it would be rather elaborate and a more 
direct method might be found more satisfactory. 

The author had been much interested to learn, 
about a year ago, that Mr. Beuttell had devised an 
instrument for binocular matching long before he 
himself had. He agreed with Mr. Beuttell that high 
accuracy was not necessarily called for, and no doubt 
it would be possible to get some rough measurement 
with ‘a fairly simple apparatus. The immediate 
problem was to make the apparatus reasonably 
simple for use in the field. 

With regard to the psychological aspects of vision, 
as mentioned by Wing-Commander Livingston and 
others, these eaneey were important. How- 
ever, it was very difficult to differentiate between 
physiological and psychological effects; it was very 
possible that many effects assumed by the psycholo- 
ay to belong to their realm of knowledge might, in 

ct, be purely physiological effects occurring in the 
retina. One could, however, readily visualise the 
difficulty of the problems with which Commander 
Livingston was faced. 

As to the problem raised by Dr. Stiles, the author 
had in mind putting a small obstruction in the way 
of the field to be measured, so as to provide a small 
black area into which the patch seen by the left eye 
would fit. At the same time he was not at all sure 
that that was necessary, because one or two experi- 
ments made a short while ago seemed to show that 
it was possible to keep the two images mentally 
apart. 

With regard to Mr. Hopkinson’s contribution, the 
methods he had used to derive a contrast scale were 
very interesting. The author did not feel, however, 
that there was any difference in principle between 


Mr. Hopkinson’s method and that stage in the author’s 
scheme where the whole gamut of intensities viewed 
under standard adaptation conditions would have to 
be subdivided into equal contrast steps. This would 
involve a method of mental estimates, and it was 
very gratifying to find that Mr. Hopkinson had found 
it possible to derive a contrast scale with such con- 
sistency. The author was, however, uncertain as to 
the method proposed by Mr. Hopkinson to equate the 
contrast in, say, some street scene, to a certain number 
of steps on his contrast scale. Surely that would 
necessitate something equivalent to binocular match- 
ing. It was also not very clear that the conditions of 
Mr. Hopkinson’s experiments would provide an easily 
reproducible standard condition of adaptation. 

The author regretted he did not know the answer 
to Mr. Murray’s question about a disc going in the 
reverse direction. He thought the answer might pos- 
sibly be found if reference were made to Helmholtz’s 
“Physiological Optics.” 

He did not admit that, as Mr. Hutcheon suggested, 
there was any difference between looking at a light 
or looking through a light. He would be prepared 
to set up an experiment in which it was impossible 
to say how the light was being viewed. 

Mr. Freedman’s remarks served to emphasise the 
difficulties inherent in measuring contrast and it was 
not the author’s wish to attempt to gloss over these 
difficulties. It was a mistake, however, to take too 
pessimistic a view, and with regard to Gage’s experi- 
ments it should be remembered that his results had 
yet to be confirmed. Even if confirmed, it might be 
that the deviations from a true contrast scale were 
not sufficient to be of any practical consequence. At 
the worst, it would probably only mean restricting the 
conditions of observation. Contrast was certainly a 
measurable quantity, and the diagrams shown by Mr. 
Hopkinson provided a welcome indication of the 
reliability that might be attainable. 





SYNOPSIS OF MEETINGS 


N.B. Unless otherwise announced all meetings commence at 7 p.m. 


LONDON. 
dan. 17th. Fourth the Departmental Committee on Lighting 
in Factories (H.C. Weston, A. E. Inirre, G. Cuetiotr and R. 
w. os Institution of Mech. Engrs., Storey’s Gate, Westmin- 
ster, 8S.W.1. 


Jan. 24th. The Relation Between the Illuminating Engineer and the 


Fittings (H. Bricut); #.L.M.A. Lighting Service Bureau, 
2, Savoy Hill, W.C.2. 

dan. 27th. The of Street Lanterns (J. Bertram and R. Maxtep); 
Royal Society of Arts, 18, John Street, Adelphi, London, W.C.2. 

dan. 31st. Visit to Dufay Chromex Laboratories, H/strec. 

Feb. 13th. Visit to Research Laboratories of the British Thomson- 
Houston Co., Ltd., Rugby. Research on the Production and 
Utilization of Light (H. Warren). (Whole day visit.) 

Feb. 14th. Maintenance of a installation (J. Fiercuer, 
of Montague Burton Ltd.); Charing Cross Hotel, Strand, W.C.2. 

. 28th. Lighting of the Modern Cinema (T. P. Benner); 

E.L.M.A. Lighting Service Bureau, 2, Savoy Hill, W.C.2. 


MANCHESTER. 


Jan. 18th. The Lighting Requirements of a Large Store (0. Waycoop) ; 


Engineers’ Club, Albert Square. (7.15 p.m.) 
LEEDS. 


dan. 9th. Decorative Materials and Their Response to Light (R. O. 


AckERLEY); The Electricity Showrooms, The Headrow. 


GLASGOW. 
dan. 18th. Photometers and Photometry (H. E. pr Werrpt); 19, 
Gordon Street. (7.30 p.m.) 


Feb. 15th. Factory Lighting and the New Factory Act; ‘‘ he Gordons,”’ 
19, Gordon Street. (7.30 p.m.) 


DUBLIN. 
dan. 17th. Electric Filament Lamps (E. D. McAuister); Engineers’ 
Hall, 35, Dawson Street. (6.30 p.m.) 
Feb. 21. Luminescent Tube Lighting (C. W. Gatton); Engineers’ Hall, 
35, Dawson Street. (6.30 p.m.) 
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THE ARTIFICIAL LIGHTING OF SCHOOLS 


(Report of the Sub-committee appointed by the Technical Committee of the Illuminating Engineering Society in 1936.) 


Constitution of Committee. 


Mr. W. J. Jones (chairman), Illuminating Engineer- 
ing Society. 

Dr. S. English, Illuminating Engineering Society. 

Prof. J. T. MacGregor Morris, Illuminating Engin- 
eering Society. 

Mr. A. R. McGibbon, Illuminating Engineering 
Society. 

Mr. F. Jackson, London County Council. 

Dr. F. Chapman*, Board of Education. 

Mr. W. D. Seymour*, National Institute of Industrial 
Psychology. 

Mr. W. Hobbs (secretary), Illuminating Engineering 
Society. 

* Assessors. 
Introduction. 

In 1931 the Society issued its first report on school 
lighting. With a view to bringing this code up to 
date a sub-committee was appointed in November, 
1936, to inquire into and report upon the lighting 
practice in schools in Great Britain. 

A study was made of existing literature and of 
typical installations, as a result of which the follow- 
ing recommendations are made, which the commit- 
tee hope will assist towards ensuring adequate 
standards of school lighting. 


Recommendations. 
}. GENERAL ILLUMINATION. 


It is important that sufficiently well diffused and 
evenly distributed lighting be provided in school- 
rooms to ensure that the illumination on working 
areas in no case falls below 75 per cent. of the aver- 
age illumination. 

In general, students attending evening classes 
have to work for long periods, almost entirely by 
artificial light, at a time when they are both mentally 
and physically fatigued. It would, therefore, appear 
that these students require better lighting conditions 
than do ordinary day students. 

The illumination required in schoolrooms used for 
needlework and other exacting visual tasks is neces- 
sarily greater than that required in classrooms used 
for ordinary reading and writing. 

The average horizontal illumination at desk or 
table level (or otherwise at 2 ft. 9 in. above the floor) 
should be not less than the appropriate value given 
below. Where economic and other considerations 
permit these values may, with advantage, be ex- 
ceeded. 

Aver. Horizontal 
Service Illumina- 


Location. tion in ft.c. 
Classrooms (used only for day classes) ... 8 
Classrooms (used for night classes) ......... 10 
NE > htt ed cs chal sainvdad eaaschlahesnrachedesd 
Needlework Rooms*® ...................ccccceeeees 12 
REI RG Sg Vee Deo © Sane 8 
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Science rooms and Laboratories ............... 12 
PieeOrOE, TGGMAG . isccsincciseiccadecssccacecencs 8 
I vax cvcanasectbinvntadnccatcminioannwahon 12 
Physical Training Rooms ....................06+ 8 
Assembly Halls} and Lecture Theatres... 8 
RE ROUTE chivinnsce cdasexcoviccnnsavuasscetiodires 5 
IE 5. cAccinsngsedbncdduetecusunnebngnaateas 3 
SR IE, Sonik cncscencanterhasseacrermncananents 1 


*Supplementary local lighting should be provided in 
accordance with the recommendations in Section 2. 
7See Section 2 (e). 


2. SPECIAL LIGHTING. 
(a) Libraries. 

In school libraries used for the casual selection of 
books a general illumination of 8 ft.c. should be pro- 
vided. 

If, however, the library is used as a study hall, 
where students do a considerable amount of concen- 
trated reading over long periods of time, supple- 
mentary local lighting should be provided so that 
the total illumination available on the tables is not 
less than 15 ft.c. 


(b) Needlework Rooms. 

Sewing rooms require a high illumination in 
crder that fine work may be carried on easily 
and rapidly. It should be borne in mind that to 
illuminate dark fabrics satisfactorily much more 
light is required than for more lightly coloured 
fabrics. It may be found advantageous to use “ day- 
light” colour-corrected fittings to obtain improved 
colour rendering. 

A general illumination of 12 ft.c. should be pro- 
vided, and this should be supplemented as required 
by local fittings capable of producing a total illu- 
mination on the work of not less than 20 ft.c. 


(c) Art Rooms. 

The work carried on in art rooms demands a mod- 
erate level of general illumination, plus a high level 
of local lighting. 

The general illumination should be well diffused, 
so that vertical surfaces as well as horizontal receive 
an illumination of 8 ft.c. Supplementary local light- 
ing — be provided as required for illuminating 
models. : 


(d) Workshops. 

In most cases a general illumination of 12 ft.c. ob- 
tained by means of direct lighting fittings is recom- 
mended. When, as sometimes happens in trade 
schools, fine sewing, etc.. is undertaken for prolonged 
periods, it is desirable to add supplementary 
local lighting for each student or group of students. 
Also, where machinery is in use. supplementary 
local lighting* should be installed. In general, work- 
shop lighting in schools should be in accordance with 
modern industrial lighting practice. 


*See Home Office Welfare Pamphlet No. 7, “ Lighting in 
Factories and Workshops.” 
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DISCUSSION 


fairly accurate results (say + 25 per cent) would be 
obtained. The photographic method of measuring 
the effect of glare in street lighting should be 
feasible, but it would be rather elaborate and a more 
direct method might be found more satisfactory. 

The author had been much interested to learn, 
about a year ago, that Mr. Beuttell had devised an 
instrument for binocular matching long before he 
himself had. He agreed with Mr. Beuttell that high 
accuracy was not necessarily called for, and no doubt 
it would be possible to get some rough measurement 
with a fairly simple apparatus. The immediate 
problem was to make the apparatus reasonably 
simple for use in the field. 

With regard to the psychological aspects of vision, 
as mentioned by Wing-Commander Livingston and 
others, these aemsge — were important. How- 
ever, it was very difficult to differentiate between 
physiological and psychological effects; it was very 
possible that many effects assumed by the psycholo- 
— to belong to their realm of knowledge might, in 

ct, be purely physiological effects occurring in the 
retina. One could, however, readily visualise the 
difficulty of the problems with which Commander 
Livingston was faced. 

As to the problem raised by Dr. Stiles, the author 
had in mind putting a small obstruction in the way 
of the field to be measured, so as to provide a small 
black area into which the patch seen by the left eye 
would fit. At the same time he was not at all sure 
that that was necessary, because one or two experi- 
ments made a short while ago seemed to show that 
it was possible to keep the two images mentally 
apart. 

With regard to Mr. Hopkinson’s contribution, the 
methods he had used to derive a contrast scale were 
very interesting. The author did not feel, however, 
that there was any difference in principle between 


Mr. Hopkinson’s method and that stage in the author’s 
scheme where the whole gamut of intensities viewed 
under standard adaptation conditions would have to 
be subdivided into equal contrast steps. This would 
involve a method of mental estimates, and it was 
very gratifying to find that Mr. Hopkinson had found 
it possible to derive a contrast scale with such con- 
sistency. The author was, however, uncertain as to 
the method proposed by Mr. Hopkinson to equate the 
contrast in, say, some street scene, to a certain number 
of steps on his contrast scale. Surely that would 
necessitate something equivalent to binocular match- 
ing. It was also not very clear that the conditions of 
Mr. Hopkinson’s experiments would provide an easily 
reproducible standard condition of adaptation. 

The author regretted he did not know the answer 
to Mr. Murray’s question about a disc going in the 
reverse direction. He thought the answer might pos- 
sibly be found if reference were made to Helmholtz’s 
“ Physiological Optics.” 

He did not admit that, as Mr. Hutcheon suggested, 
there was any difference between looking at a light 
or looking through a light. He would be prepared 
to set up an experiment in which it was impossible 
to say how the light was being viewed. 

Mr. Freedman’s remarks served to emphasise the 
difficulties inherent in measuring contrast and it was 
not the author’s wish to attempt to gloss over these 
difficulties. It was a mistake, however, to take too 
pessimistic a view, and with regard to Gage’s experi- 
ments it should be remembered that his results had 
yet to be confirmed. Even if confirmed, it might be 
that the deviations from a true contrast scale were 
not sufficient to be of any practical consequence. At 
the worst, it would probably only mean restricting the 
conditions of observation. Contrast was certainly a 
measurable quantity, and the diagrams shown by Mr. 
Hopkinson provided a welcome indication of the 
reliability that might be attainable. 





SYNOPSIS OF MEETINGS 


N.B. Unless otherwise announced all meetings commence at 7 p.m. 


LONDON. 

Jan. 17th. Fourth of the Departmental Committee on Lighting 
in Factories (H.C. Weston, A. E. Itirre, G. CuetioT and R. 
W. DanteEt) ; Institution of Mech. Engrs., Storey’s Gate, Westmin- 
ster, S.W.1. 

dan. 24th. The Relation Between the Illuminating Engineer and the 
Fittings Designer (H. Bricut); £.L.M.A. Lighting Service Bureau, 
2, Savoy Hill, W.C.2. 

dan. 27th. The of Street Lanterns (J. Bertram and R. Maxtep); 
Royal Society of Arts, 18, John Street, Adelphi, London, W.C.2. 

dan. 3ist. Visit to Dufay Chromex Laboratories, Z/strec. 

Feb. 13th. Visit to Research Laboratories of the British Thomson- 
Houston Co., Ltd., Rugby. Research on the Production and 
Utilization of Light (H. Warzex). (Whole day visit.) 

Feb. 14th. Maintenance of a L ng Installation (J. Fiercuer, 
of Montague Burton Ltd.); Charing Cross Hotel, Strand, W.C.2. 

Feb. 28th. Lighting of the Modern Cinema (T. P. Benner7); 
E.L.M.A. Lighting Service Bureau, 2, Savoy Hill, W.C.2. 


MANCHESTER. 


Jan. 18th. The Lighting Requirements of a Large Store (0. Waycoop) ; 
Engineers’ Club, Albert Square. (7.15 p.m.) 


LEEDS. 


dan. 9th. Decorative Materials and Their Response to Light (R. 0. 
AckERLEY) ; The Electricity Showrooms, The Headrow. 


GLASGOW. 


dan. 18th. Photometers and Photometry (H. E. p—e WxeErpt); 19, 
Gordon Street. (7.30 p.m.) 


Feb. 15th. Factory Lighting and the New Factory Act; ‘‘ Zhe Gordons,’’ 
19, Gordon Street. (7.30 p.m.) 


DUBLIN. 
dan. 17th. Electric Filament Lamps (E. D. McAuistEr); Engineers’ 
Hall, 35, Dawson Street. (6.30 p.m.) 
Feb. 21. Luminescent Tube Lighting (C. W. Gatton); Engineers’ Hall, 
35, Dawson Street. (6.30 p.m.) 
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THE ARTIFICIAL LIGHTING OF SCHOOLS 


(Report of the Sub-committee appointed by the Technical Committee of the Illuminating Engineering Society in 1936.) 


Constitution of Committee. 


Mr. W. J. Jones (chairman), Illuminating Engineer- 
ing Society. 

Dr. S. English, Illuminating Engineering Society. 

Prof. J. T. MacGregor Morris, Illuminating Engin- 
eering Society. 

Mr. A. R. McGibbon, Illuminating Engineering 
Society. 

Mr. F. Jackson, London County Council. 

Dr. F. Chapman*, Board of Education. 

Mr. W. D. Seymour*, National Institute of Industrial 
Psychology. 

Mr. W. Hobbs (secretary), Illuminating Engineering 
Society. 

* Assessors. 
Introduction. 

In 1931 the Society issued its first report on school 
lighting. With a view to bringing this code up to 
date a sub-committee was appointed in November, 
1936, to inquire into and report upon the lighting 
practice in schools in Great Britain. 

A study was made of existing literature and of 
typical installations, as a result of which the follow- 
ing recommendations are made, which the commit- 
tee hope will assist towards ensuring adequate 
standards of school lighting. 


Recommendations. 
1. GENERAL ILLUMINATION. 


It is important that sufficiently well diffused and 
evenly distributed lighting be provided in school- 
rooms to ensure that the illumination on working 
areas in no case falls below 75 per cent. of the aver- 
age illumination. 

In general, students attending evening classes 
have to work for long periods, almost entirely by 
artificial light, at a time when they are both mentally 
and physically fatigued. It would, therefore, appear 
that these students require better lighting conditions 
than do ordinary day students. 

The illumination required in schoolrooms used for 
needlework and other exacting visual tasks is neces- 
sarily greater than that required in classrooms used 
for ordinary reading and writing. 

The average horizontal illumination at desk or 
table level (or otherwise at 2 ft. 9 in. above the floor) 
should be not less than the appropriate value given 
below. Where economic and other considerations 
permit these values may, with advantage, be ex- 
ceeded. 

Aver. Horizontal 
Service Illumina- 


Location. tion in ft.c. 
Classrooms (used only for day classes) ... 8 
Classrooms (used for night classes) ......... 10 
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Science rooms and Laboratories ............... 12 
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Physical Training Rooms .....................4+ 8 
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*Supplementary local lighting should be provided in 
accordance with the recommendations in Section 2. 
+See Section 2 (e). 


2. SpecIAL LIGHTING. 
(a) Libraries. 

In school libraries used for the casual selection of 
books a general illumination of 8 ft.c. should be pro- 
vided. 

If, however, the library is used as a study hall, 
where students do a considerable amount of concen- 
trated reading over long periods of time, supple- 
mentary local lighting should be provided so that 
the total illumination available on the tables is not 
less than 15 ft.c. 


(b) Needlework Rooms. 

Sewing rooms require a high illumination in 
crder that fine work may be carried on easily 
and rapidly. It should be borne in mind that to 
illuminate dark fabrics satisfactorily much more 
light is required than for more lightly coloured 
fabrics. It may be found advantageous to use “ day- 
light” colour-corrected fittings to obtain improved 
colour rendering. 

A general illumination of 12 ft.c. should be pro- 
vided, and this should be supplemented as required 
by local fittings capable of producing a total illu- 
mination on the work of not less than 20 ft.c. 


(c) Art Rooms. 

The work carried on in art rooms demands a mod- 
erate level of general illumination, plus a high level 
of local lighting. 

The general illumination should be well diffused, 
so that vertical surfaces as well as horizontal receive 
an illumination of 8 ft.c. Supplementary local light- 
ing ne be provided as required for illuminating 
models. ' 


(d) Workshops. 

In most cases a general illumination of 12 ft.c. ob- 
tained by means of direct lighting fittings is recom- 
mended. When, as sometimes happens in trade 
schools, fine sewing, etc.. is undertaken for prolonged 
periods, it is desirable to add supplementary 
local lighting for each student or group of students. 
Also, where machinery is in use. supplementary 
local lighting* should be installed. In general, work- 
shop lighting in schools should be in accordance with 
modern industrial lighting practice. 


*See Home Office Welfare Pamphlet No. 7, “ Lighting in 
Factories and Workshops.” 
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(e) Assembly Halls. 

The assembly hall is sometimes used as an over- 
flow classroom or examination room, and, therefore, 
a general illumination of 8 ft.c. is recommended. 
Otherwise the lighting arrangements will largely 
depend on aesthetic considerations. The average 
hall can be well lighted from a limited number of 
large diffusing fittings mounted high up and spaced 
to provide even illumination. In others the more 
decorative forms of lighting will be used according 
to circumstances. 


(f) Blackboards.+ 

Blackboards should be lighted separately by means 
of suitable fittings mounted as high as possible, and 
efficiently screened to prevent glare in the eyes of 
students and teachers. 

Blackboard surfaces should be lighted to an aver- 
age illumination 50 per cent. greater than the average 
horizontal illumination at desk level. 


(g) Stairways. 

Light sources should be positioned on each land- 
ing so that— 

(i) treads and risers on each flight of stairs are 
illuminated, 

(ii) shadows of risers near the edge of the treads 
are minimised, and 

(iii)a marked contrast between risers and 
treads is produced. 

A simple means of obtaining such a contrast is 
afforded by suitably treating the front edge of the 
tread. 

The fact that stairway lighting involves considera- 
tions of safety should be borne in mind. Precautions 
should therefore be taken to avoid glare from sources 
of light used to illuminate stairways, especially as 
regards persons descending the stairs. 

It is suggested that the treads of stairways should 
be illuminated to the same value as that prevailing 
in the adjoining corridors, this value being not less 
than 1 ft.c. average. 


(h) Playgrounds. 

Where school playgrounds are kept open after 
dark for the purpose of recreation it has been found 
satisfactory to provide a horizontal illumination at 
ground level of about 1 ft.c. by means of floodlights 
mounted sufficiently high to prevent accidental 
damage to the fittings and arranged so as to avoid 
glare. 


(i) School Entrances. 

School entrances should be lighted to an illumina- 
tion level of not less than 2 ft.c. In the cases of 
evening schools and technical institutes it may be 
desirable to provide a higher degree of illumina- 
tion, thereby adding to the attractiveness of the 
building. 

+Report No. 7 of the National Institute of Industrial Psy- 
chology, entitled “ Improving the Blackboard,” by Mr. W. D. 
Seymour, indicates the superiority of Primrose Yellow 
Boards. These boards should be lighted to an average illu- 
mination equal to the average horizontal illumination at 
desk level. 





(j) Myope Classrooms. 

Classrooms regularly used by partially sighted 
children should be lighted to a substantially higher 
illumination than is provided in classrooms for 
normal children. In addition, it is important to en- 
sure adequate vertical illumination in these rooms. 
In practice it has been found satisfactory to provide, 
at desk level, a horizontal illumination of 15 ft.c. 
and a vertical illumination of 10 ft.c. 

In view of the fact that boards often occupy a large 
proportion of the wall space in myope classrooms, 
consideration should be given to the use of light- 
coloured boards instead of the usual blackboards. 

The use of primrose-yellow boards in conjunction 
with light-coloured decorations will ensure that 
the maximum value be obtained from the lighting 
installation, and at the same time will avoid the de- 
pressing effect which is noticeable in those myope 
classrooms equipped with blackboards. 


3. LIGHTING FITTINGS. 


The lighting fittings should be distributed sym- 
metrically above the desks, and supplementary 
illumination provided where necessary for the 
teachers’ area and for the board by additional 
fittings. 

Although the “diffusing” type of fitting is normally 
recommended for the general lighting of classrooms, 
it is suggested that more consideration be given to 
the “ semi-indirect ” and “indirect” types of fitting. 
Pendant fittings with a “direct” light distribution 
alone are not recommended for general lighting un- 
less the ceiling is abnormally high or dark in colour. 

Classrooms of usual size (i.e., not less than 480 
sq. ft.) should be lighted by at least four fittings, 
except where semi-indirect or indirect fittings are 
employed, in which case a smaller number may be 
permissible. 


4. GLARE. 


With a view to avoiding glare in the eyes of 
scholars and teachers lighting fittings should be kept 
well out of the normal line of vision. In the normal 
classroom a height of suspension of not less than 9 ft. 
is desirable. 

In a classroom with a sloping or stepped floor rising 
away from the blackboard the eye level of a student 
seated at the elevated end may be greater than 9 ft. 
In such cases the lighting fittings should be mounted 
above this eye level. 

As supplementary fittings intended to illuminate 
the board or the teacher’s area are more liable to 
come within the direct view of scholars, and as in- 
correct location is liable to give rise to troublesome 
reflected light from the board surface, it is desir- 
able to mount these additional light sources as high 
as possible and to pay special attention to screening. 


(a) Avoidance of Direct Glare. 
With a view to avoiding direct glare it is recom- 
mended that:— 
(i) Electric lamp bulbs or gas mantles should 
not be visible to teachers or pupils while 
carrying on their ordinary work. 
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(ii) The brightness of lighting fittings to be 
mounted between 9 ft. and 15 ft. above the 
floor should not exceed 24 candles per sq. in. 
average, and 10 candles per sq. in. maxi- 
mum at angles of view between 0 degrees 
and 30 degrees elevation. The correspond- 
ing maximum brightness of lighting fittings 
to be mounted at less than 9 ft. above the 
floor should not exceed 1 candle per sq. in. 

(iii) Too sharp a contrast between the bright- 
ness of the fitting and the adjacent sur- 
roundings should be avoided. Therefore 
diffusing fittings, employed for general 
lighting, should be mounted as close to the 
ceiling as practicable. 


(b) Avoidance of Reflected Glare. 


With a view to avoiding reflected glare it is re- 
commended that:— 


(i) Special care be devoted to (a) the selection 
of the boards, the surfaces of which should 
be maintained in as matt a condition as 
possible, and (b) the positions of light 
sources in relation to the boards, in order 
to avoid specular images of the sources in 
the line of sight. 


(ii) The surfaces of walls, ceilings, and, so far 
as possible, furniture be of such a surface 
texture that any considerable specular re- 
flection is avoided (glazed and shiny sur- 
faces above the dado are specially objec- 
tionable). 


(iii) So far as possible books intended for the 
use of children be printed on paper that is 
free from glaze. The use of highly glazed 
paper for writing upon should also be 
avoided. 


The use of lighting equipment of low surface 
brightness as a means of diminishing direct glare is 
also of value in reducing reflected glare, as the bright- 
ness of the reflected image is less. 

Light-coloured surroundings, by diminishing the 
contrast between light sources and their back- 
grounds, are helpful in reducing direct glare, and the 
diffusion of light by this means also aids in render- 
ing reflected glare less evident. In this connection it 
should be noted that light-coloured window curtains 
or blinds can be used at night to reduce the contrast 
between the walls and the window areas. Such cur- 
tains would at the same time serve to reflect back 
into the room light which would otherwise be lost 
through these windows. 


5. AVOIDANCE OF OBJECTIONABLE SHADOWS. 


The position of fittings should be so chosen that 
objectionable shadows, such as might be cast by the 
body or by columns or other structural features of 
the room on the desk or other places where the work 
is done, are avoided. 

Shadows are least evident when:— 


(i) The sources of light are surrounded by 
diffusing media such as extend the lumin- 


ous surface, and, therefore, give rise to soft 
shadows. 


(ii) A reasonable proportion of the light emitted 
from the fittings is directed towards the 
ceiling. In this respect semi-indirect and 
indirect lighting is advantageous. 


(iii) The walls and ceilings are light in colour 
and thus serve as extended secondary 
sources of low brightness. The ceilings 
should preferably be white and the walls 
and all decorations above the dado should 
be light in tint. 


(iv) Sufficient fittings are used to ensure even 
distribution of light, thereby improving the 
diffusion. 


6. INSTALLATION. 


The row of fittings near the windows and the row 
of units remote from the windows should be con- 
trolled separately so that the daylight in the remote 
section of the room may be supplemented as required. 


Whenever the daylight illumination falls below 
the levels recommended above it is suggested that 
the artificial lighting should be brought into use. The 
fittings remote from the windows will, of course, need 
to be put into operation earlier than the remainder. 


In order that teachers may check the level of 
illumination at any time it is recommended that 
lightmeters should be available in all schools. 


In order to provide for the operation of optical lan- 
terns an electric plug point should be installed in all 
school-rooms. 


7. DEPRECIATION AND MAINTENANCE. 


It should be remembered that there are at least 
three factors which cause a progressive diminution 
in the illumination in a given room, viz.:— 


(i) The accumulation of dust or dirt on the 
lighting fittings. 

(ii) Depreciation of the reflecting value of the 
walls and ceiling due to the accumulation 
of dust or dirt. 


(iii) Deterioration of the light sources them- 
selves, whether electric lamps or gas 
mantles. 


Experience shows that these causes may reduce 
the illumination by 20 per cent. to 30 per cent. of its 
initial value in six weeks if local conditions are suffi- 
ciently unfavourable. These factors of depreciation 
should, therefore, be taken into account when the 
installation is initially planned, in order that the 
average illumination obtained when the conditions 
are at their worst may not be less than the recom- 
mended values. In this connection it should be 
noted that it is economic to redecorate schools at in- 
tervals of not less than five years. 

Further, it is expedient that all lamps and light- 
ing fittings be overhauled and cleaned at intervals 
of not more than one month. For general lighting, 
fittings which are less liable to suffer from the en- 
trance of dust are to be preferred. 
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NOTES ON RECENT 
MEETINGS AND EVENTS 


General Meeting in London. 


A meeting of the Society was held, by permission of 
the Gaumont-British Corporation, Ltd., in Film House, 
Wardour-street, London, W.1, on Tuesday, January 10. 
The chair was taken by Mr. F. C. Smith (Vice-Presi- 
dent). 

The minutes of the last meeting having been taken 
as read, the names of applicants for membership 
presented at the last meeting were again presented 
and these gentlemen were formally declared members 
of the Society. 

The chairman called upon Mr. E. Stroud to deliver 
the paper, by himself and Mr. H. C. Weston, entitled 
“The Lighting of Cinema Auditoriums for Visibility 
and Safety.” The paper contained, as an appendix, 
the report on this subject presented by the Society to 
the London County Council and was illustrated by 
demonstrations showing the effect, on the picture on 
the screen and on the condition of visibility in the 
auditorium, of the various orders of illumination 
mentioned therein. 

The chairman having proposed a vote of thanks to 
the authors, and to the Gaumont-British Picture Cor- 
poration, Ltd., for their hospitality, the discussion was 
opened by Mr. A. W. Beuttell and continued by 
Professor J. T. MacGregor-Morris, Mr. S. Hart, Dr. H. 
Buckley, Mr. E. ge Mr. R. G. Williams, Mr. A. 
Cunnington, Mr. H. Juliusburger, and Mr. J. S. Dow. 

Mr. H. C. Weston briefly replied to the discussion 
and the meeting then terminated. 


Sectional Meetings in London. 


Commercial Lighting Section.—At the third meeting, held 
on December 7, two interesting addresses were given by 
Mr. R. O. Ackerley and Mr. A. Mansell on the Lighting of 
the Glasgow Exhibition. The exterior lighting and the 
lighting of the fountains, etc., were illustrated by lantern 
slides. An interesting discussion took place, in which the 
chairman (Mr. W. J. Jones), Mr. L. G. Applebee, Mr. H. M. 
Cotterill, Mr. F. M. Cocksedge, Mr. J. Mellanby, and Mr. R. 
Eshelby took part. 

Industrial Lighting Section—At a joint meeting with the 
Society of Production Engineers, held on December 19, 
a paper entitled “Light in Relation to Production” was 
read by Mr. T. E. Catten. 


Meetings of Local Centres. 


North-Western Area.—At a meeting held in Rochdale on 
December 14, a paper dealing with Lighting for Cotton Mills 
was read by Mr. G. A. Rae, and was followed by a good dis- 
cussion. 

Scotland.—At a meeting held in Glasgow, on December 21, 
a paper on Lighting by Gas was read by Mr. A. R. McGibbon, 
who conveyed greetings from the Council. The paper 
dealt with the evolution of gas lighting, its control, and its 
application to street lighting. In the course of the meeting 
reference was made to the loss which the centre had 


recently sustained of Mr. S. Kates, a member of the 
committee. 


The Illuminating Engineering Society is not, as a body, responsible for the opinions 





Applications for Membership. 
Elections Pending. 

At the general meeting of the Society held on 
January 17, 1939, the names of the following appli- 
cants for membership were presented for the first 
time : — 

SUSTAINING MEMBERS :— 
The British Electrical 


Development  Asso- 
ne Sr ee 2, Savoy Hill, Lonpon, W.C.2. 
Representative .............. Mr. J. A. Prowse, 


CORPORATE MEMBERS: — 


Campbell, G., junr. ...Benjamin Electric, Ltd., Tariff 

Road, ToTTENHAM, N.17. 

SN As cacesevonav’ Elmtree, Church Road, Ken- 
nington, Ashford, KENT. 

...British Thomson-Houston Co., 
Ltd., Crown House, Aldwych, 
Lonpon, W.C.2. 

Pring, T. W. E. .....; 92, Fernbrook Road, 
Lewisham, Lonpon, S.E.12. 
..Hailwood and Ackroyd, Ltd., 
Beacon Works, Morley, nr. 


Laidlaw, J. M. H. 


Stockwell, W. B. 


LEEDs. 

Silverston, J. N. ...... 61, Manor Road, Edgbaston, 
BIRMINGHAM. 

me A, ES ssssshace 43, East Court, Wembley, 
MIDDLESEX. 

ee Ae 72, Darwin Road, Welling, 
KENT. 

Ee he nn 41, Brantwood Gardens, 
ILFORD. 

ND, Pb oacaacdeiecs 200, Lonsdale Avenue, East 
HaM. 


Windebank, H. W. ...Pearce Signs, Ltd., 274, New 


Cross Road, Lonpon, S.E.14. 


Williams, R. G., ...... 16, Cumberland Drive, ESHER. 
COUNTRY MEMBERS :— 

Ne cir cdisncspeheun 2, Daisy Bank Road, Lymm, 
WARRINGTON. 

| ae Bromford Tube Co., Sunlight 
House, Quay Street, Man- 
CHESTER. 

emmgen, Th. J. 5k .ccas 177, Stechford Road, Ward 
End, BIRMINGHAM, 

Knight, W. F. F. ...... 41, Norton Crescent, Bordesley 


Green East, BIRMINGHAM. 


Middleton, E. ......... Edelweiss, Bakers Lane, Os- 
cott, Sutton Coldfield, War- 
WICKSHIRE. 
ASSOCIATES : — 
Holliday, J. W. ...... 129, Woodwarde Road, East 


Dulwich, Lonpon, S.E.22. 
AFFILIATED STUDENTS : — 


Eshelby, R. A. ......... 65, Hereford Road, Bayswater, 
Lonpon, W.2. 
moses BR. G. .<5..56: 18, Central Avenue, Rayners 


Lane, Pinner, MIpDLESEx. 
» Combe Martin Road, 
Southfields, Lonpon, S.W.18. 


Elections Completed. 


At the general meeting on January 10, 1939, the 
names of those announced on December 13, which 
were published in the issue of the “ Transactions ” 
(Vol. III., No. 12, p. 206, December, 1938), were pre- 
sented again, and these applicants were formally 
declared members of the Society. 


expressed by individual authors or speakers. 


With a view to avoiding possible confusion with other publications, reference to 
these Transactions should be in the form :—*‘ Trans. Illum. Eng. Soc. (London).” 





Printed by the Arcus Press, Lrp., Temple-avenue and Tudor-street, London, E.C.4, England. 
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THE LIGHTING OF CINEMA AUDITORIUMS FOR VISIBILITY 
AND SAFETY 


By H. C. WESTON and E. STROUD (Members) 


(Paper read on Tuesday, January /Oth, 1939.) 


Introduction. 

The present paper is an outcome of, and is based 
almost entirely upon, the work of a Panel appointed 
by the Technical Committee of the Society in 1936, 
under the chairmanship of Prof. J. T. MacGregor- 
Morris. This Panel, of which the present authors 
were members, had to consider a request made by 
the London County Council for the observations of 
the Society on the practicability of adjusting the 
standard of maintained lighting in cinemas so as to 
give sufficient visibility to enable persons on enter- 
ing from daylight to make their way unaided to their 
seats. ‘“ Maintained lighting” means that provided 
(by means of two independent systems) during pro- 
jection of the pictures. 

On the invitation of the Society the L.C.C. 
nominated Mr. E. Ridley to serve on the Panel as 
their representative. As the result of preliminary 
discussion with Mr. Ridley the terms of reference 
to the Panel were formulated in the following two 
questions:— 


(1) Could improvement to the present lighting 
of cinema auditoriums be made without detri- 
ment to the screen picture, to enable persons 
entering the cinema from daylight to see their 
way easily and safely to their seats without the 
use of hand torches? 

(2) Is the present lighting reasonably ade- 
quate to ensure orderly conduct, and sufficient 
to permit of escape in cases of emergency? 

That a public body should seek from the Society 
an answer to questions of this kind is as it should 
be, and the Society welcomed the opportunity of 
considering the problems involved and endeavouring 
to offer a satisfactory solution. 

To perform their task the Panel’s principal investi- 
gations were concerned with— 

(a) the present practice in the lighting of 
cinema auditoriums and its effects on the 
visibility of objects which require to be seen; 

(b) the illumination necessary to ensure such 
visibility of objects in auditoriums that light- 


adapted persons can find their way to vacant 
seats immediately on entry, without the aid of 
portable light sources; 


(c) the effects of such illumination on the 
visibility of the pictures presented; 

(d) the illumination required for safe exit in 
emergency, having regard to the state of adapta- 
tion of members of a cinema audience. 


Before dealing with these investigations and their 
outcome, it will be appropriate here to state what 
are the existing requirements of the L.C.C. con- 
cerning the lighting of cinema auditoriums. These 
are set out in the rules made by the L.C.C., under 
powers given by two Acts of Parliament with regard 
to the management of places of public entertainment. 

So far as the minimum lighting is concerned Rule 
71 requires that “The lighting maintained in the 
auditorium in order to ensure orderly conduct shall 
be as great as possible consistent with the effective 
presentation or exhibition of the pictures, and in 
no part of the auditorium shall it be less than 
0.025 foot-candles measured at a height of 3 ft. 6 in. 
above floor level.” 

The minimum value here specified was arrived at 
in 1916 on the basis of photometric observations 
made in certain cinemas inspected by a Committee 
of the Council and approved by them. Measure- 
ments of low illuminations produced by coloured 
light were not, however, very accurate, as made with 
the photometric apparatus then available to the 
Council, and it has since been realised that 0.025 ft.c. 
is an illumination very much higher than that seen 
and accepted by the Council’s Committee. Recent 
observations made by the Council’s inspectors, and 
also by the I.E.S. Panel, indicate that the illumina- 
tion accepted by the L.C.C. in 1916 as sufficient to 
ensure orderly conduct was, in fact, probably of the 
order of 0.01 ft.c. 

Though compliance with Rule 71 is, in practice, 
achieved by provision of the specified minimum 
illumination, or, in view of the doubt attaching to 
this, of such lower value as the Council’s inspectors 
are prepared to accept, it should be noted that the 
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wording of the rule clearly indicates the desirability 
of exceeding the minimum laid down, while recog- 
nising that in any particular case the practicability 
of maintaining higher illumination must depend 
upon it being consistent with the effective presenta- 
tion of the pictures. 


A further rule, No. 75, requires that “All portions 
of the premises to which the public have access shall 
be provided with two independent systems of light- 
ing to the satisfaction of the Council, and makes it 
clear that the “ Minimum lighting ” can be provided 
by illumination derived from the two systems to- 
gether. It also requires the minimum lighting to be 
maintained continuously during the whole of the 
time the public are on the premises, and calls for 
additional lighting in the auditorium “so as to pro- 
vide good general illumination if this is possible 
without detriment to the performance or entertain- 
ment.” 


It is further required, by Rule 77 (a), that exit 
notices shall be illuminated by a light on each system, 
and shall be internally illuminated by a light on at least 
one system, and (b) that these lights shall not in any 
circumstances be extinguished or dimmed while the 
public are on the premises. 


Since the minimum illumination now required can 
be provided by the two systems of lighting jointly, 
it is obvious that the illumination obtained when the 
secondary or safety lighting system alone is in use 
may be much lower. It is, in fact, doubtful whether 
it amounts to 0.001 ft.c. in many cinemas. 

There is, however, a definite tendency towards 
better auditorium lighting in modern cinemas, in a 
few of which the average illumination approximates 
to the nominal minimum required by the L.C.C. In 
some of these cases the secondary lighting system 
may provide about half of the total illumination. 
Table I. gives the minimum and maximum illumin- 
ations measured in six cinema auditoriums, the first 
three being large London theatres and the others 
suburban ones. The observations in Cinema E were 
not taken with the normal maintained lighting only, 
but when this was supplemented by dimming the 
concealed additional sources used for lighting during 
the intermission. The result was a much more nearly 
uniform illumination of the auditorium than that 
found in the other cinemas, with the possible excep- 
tion of D. Cinemas A, B, and C are fairly represen- 
tative of a large number of others, but, owing to the 
presence of an audience when the photometric observ- 
ations were made, a complete survey of the audi- 
torium was not possible and the actual minimum 























TABLE I. 
Minimum Maximum 
|Cinema. —* esate Impression of Lighting on Entry. 
foot-candles. foot-candles, 
Insufficient except at rear 
A 0.002 0.07 |gangways. Floorlights were 
distracting. 
Insufficient except at rear 
B 0.004 0.08 |gangways. Vomitory en- 
trances were extremely poor. 
C 0.005 0.06 Insufficient except at rear 
gangways. 
Most parts of this hall were 
lighted sufficiently, but 
» 0.08 0.07 stray daylight and exposed 
sources proved distracting. 
0.03 0.08 Lighting very comfortable, 
E adequate in the circle and 
Experimental, just sufficient ov the ground 
not maintained values. /floor. 
F 0.001 0.14 























Note 1: All foot-candle readings were taken at about 3’ 6” 
above floor level. In all the above cases it was found 
possible to distinguish faces, etc., after a few minutes 
in the auditorium. 

Note 2: Thescreen illuminations in these theatres are of the 
following order :— 

without film and shutter 6 to 22 foot-candles. 
without film but with shutter 3 to 11 foot-candles. 


with film and shutter 1 to 2 foot-candles average 


illumination was certainly lower than the figures 
given. Cinema F is of very recent construction, and 
is regarded by the proprietors as a very well-lighted 
theatre. In this respect it is above the average, and 
the use of decorations and furnishings which are 
fairly light in colour helps to raise the brightness of 
the auditorium above that characteristic of most 
cinemas. But, even here, a higher average and more 
uniform illumination is required to make it possible 
to find one’s way unaided to a seat immediately on 
entering the auditorium from daylight. 

A series of seventy-three photometric observations 
is available for this cinema, and this is analysed 
in Table II. From this it can be seen that the illu- 
mination of different parts of the auditorium is far 
from uniform, and the gradation from back to front, 
though correct in principle, is too great. 

As a measure of the average illumination for the 
whole auditorium, the median of the complete series 
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of observations is better than the arithmetic mean, 
which is unduly influenced by high values obtained 
in the rear gangways and near light sources. In this 
cinema the primary and secondary lighting systems 
each provide about half the total illumination. 








TABLE Il. 
; G d Floor. Bal : 
* E Ze roun oor cony 
Sok] 59 8 
So} o& B 
Se] Fe = | Rear| Front Rear | Front 
E S & |hal | half. | half. | half. 





No. of 
observations} 73 | 38 | 35 | 22 16 17 18 


Max. ft.c. 0.14 |0.14 |0.085)0.14 0.05 | 0.085/0.012 
Min. ft.c. 0.001/0.001/0.001|0.02 0.001} 0.002|0.001 
Max/Min. 140} 140) 85 | 7 50 (42.5 12 

Mean 0.032\0.045|0.018\0.071|*0.0085| 0.032,0.004 
Median 0.012'0.031\0.01 |0.09 | 0.0015| 0.02 \0.0025 
* When pictures are projected, light reflected from the 


screen raises the average illumination here. Measurements 
indicate that it may be of the order of 0.016 ft.c. 
































The Relation Between Auditorium and Screen 
Illumination for Good Picture Visibility. 

The practice of maintaining cinema auditoriums 
in comparative darkness during projection of the 
pictures is firmly established and sound in principle. 
The absence of all auditorium lighting is, however, 
neither necessary nor desirable for the purpose of 
securing optimum visibility of the pictures. 

On the other hand, a very bright auditorium is 
evidently undesirable, since possible sources of 
distraction of attention from the pictures would be 
revealed, and the contrasts in the pictures them- 
selves would be degraded by stray light from the 
auditorium illuminating the screen. 

Unlike a photographic print in which the contrasts 
are due to differences of reflection factor, the cinema 
picture depends for its contrasts on differences in 
the amount of light reaching different parts of the 
screen. It is obvious, therefore, that the brightness 
ratio of different parts of the screen, due to light 
received via the film, will be altered if the screen 
is also illuminated by stray light from the audi- 
torium. In the early days of motion pictures, when 
neither high efficiency screens nor projectors were 
available, it is easy to understand that it was very 
desirable to have as little auditorium lighting as 


possible. Practice having become established in this — 


respect has outlived the necessity for it, and it is 
only very recently, and in newly constructed 
cinemas, that advantage has been taken of the 
higher screen brightnesses obtainable with up-to- 


date equipment to improve the auditorium lighting. 
Even so, no attempt appears to have been made to 
establish a relation between screen and permissible 
auditorium illumination, such as would enable the 
latter to be predetermined from a knowledge of the 
characteristics of screen, projector, and auditorium 
decoration. 

By “permissible auditorium illumination” is 
meant, of course, that which has no noticeable detri- 
mental effect upon the projected picture. 

In 1931 the Japanese National Illumination Com 
mittee reported to the International Illumination 
Commission on cinema lighting in their country, and 
the data presented, though not extensive, are of con- 
siderable interest. 

Measurements of average screen illumination 
without film and shutter and of average auditorium 
illumination were made in eleven Tokyo cinemas as 
being representative of current practice. These 
show ‘that in the “average cinema” the average 
screen illumination was 68.2 lux and the average 
auditorium illumination 1.1 lux—a ratio of 62 : 1. 
Points corresponding with the pairs of values for 
screen and auditorium illumination in each cinema 
are plotted in Fig. 1. The graph which best fits these 
points is a straight line for which the formula is 
Ea = Es/60. 

It will be noticed that, expressed in this way as a 
fraction of the screen illumination without film and 


THE RELATION BETWEEN SCREEN AND 


AUDITORIUM _JLLUMINATION _IN CINEMAS. 
OBSERVATIONS MADE IN 11- TOKYO CINEMAS. 
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shutter, the lowest average auditorium illumination 
observed was 1/100 and the highest about 1/30. 

The Japanese Committee suggested a minimum 
auditorium illumination of 1.5 lux, and recommended 
2 lux. They found, on experiment, that with 1.5 lux 
in the auditorium and 100 lux on the screen, stray 
light reaching the screen from the auditorium had 
no serious effect upon the picture, but they pointed 
out the necessity for arranging the auditorium light 
sources so as to prevent them from directly illu- 
minating the screen. 


TABLE Ill. 
Picture Quality and Visibility of Gangways and Seating. 
Summary of Average Impressions. 





] 























ois | Oe | ctereee | Rac ced se 
0.01 Poor | Fair None 
0.02 Fair | Fair—Good None 
0.04 Fair—Good | Fair—Good None 
0.08 ane Aceh od Hardly perceptible effect 
0.16 Very Good| Very Good| Very slight effect 

















The above table has been compiled from the independent 
observations of eight observers. 


So far, then, as these observations and experiments 
go they suggest that it is possible to illuminate the 
auditorium up to an average of 0.015 times the screen 
illumination. But, since a screen illumination, with- 
out film and shutter, greater than 100 lux is common 
in modern cinemas, an auditorium illumination of 
about 0.15 ft.c. appears to be feasible. Though more 
than ten times the present probable average value 
for cinema auditoriums in this country, it should 
not be assumed that an increase to this illumination 
would improve visibility in the auditorium in the 
same ratio. 

It would, “however, shorten the time required for 
adaptation to such an extent that persons entering 
the auditorium from a brightly lighted foyer, or from 
daylight, could at once find their way unaided to their 
seats. 

The L.E.S. Panel carried out experiments for the 
purpose of checking the conclusions reached by the 
Japanese Committee, and the results of these are 
summarised in Table III. The observations were 
made by eight members of the Panel, and acknow- 
ledgement is due to the E.L.M.A. for placing at their 
disposal the necessary facilities. No perceptible 


effect of stray light upon the picture was detected 
until the auditorium illumination was raised to 
0.08 ft.c., a value which permitted good visibility on 
entering the demonstration room from daylight. 


With double this illumination, i.e., approximately 
the minimum suggested by the Japanese Committee, 
the effect of stray light on the picture was found to 
be very slight. Visibility, to the light-adapted eye, 
did not approach a sufficiently good standard until 
the auditorium illumination was 0.04 ft.c., and the 
conclusion drawn from these tests was that 0.05 ft.c. 
is the lowest illumination of the existing average 
cinema auditorium which will enable persons enter- 
ing from daylight to find their way to seats fairly 
easily without guidance and the use of a hand-torch. 
Further, this illumination, if provided by a suitable 
method of lighting, does not interfere with the pre- 
sentation, visibility, and enjoyment of the pictures. 


In America it has been found that 0.1 ft.c. is suffi- 
cient illumination to enable patrons to find their 
seats easily after their eyes have become partially 
adapted to the low field brightness. It has been sug- 
gested that general illumination of this order should 
be provided at the front or screen end of the audi- 
torium, gradually increasing towards the rear up to 
the value of 0.2 ft.c. With such conditions it has been 
found that the picture contrasts are not materially 
affected, but the eye appears to become more sensi- 
tive to small brightness differences in the picture. 
This is an effect we should expect when too great a 
contrast between the average picture brightness and 
that of the surrounding field is avoided. 

The available results of actual tests made, and the 
practice successfully adopted in Japanese and some 
American cinemas, thus agree in indicating that 
considerably higher auditorium illumination than is 
customarily provided in this country is practicable 
and desirable, and the value of 0.05 ft.c. proposed by 
the I.E.S. Panel does not appear to err on the side of 
liberality. 

In a large and up-to-date suburban cinema (E 
of Table I.), having a considerable part of the 
ceiling area illuminated by light sources concealed 
in troughs, thus providing more nearly uniform 
general illumination than is found in most cinema 
auditoriums, the dimmers were adjusted to secure 
an average illumination of about 0.05 ft.c. This was 
found to have no adverse effect upon the picture 
shown. Observers and manager were agreed on 
this point, and also that the brightness of the 
auditorium was not obtrusive or distracting, though 
just sufficient to render gangways, steps, and seating 
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distinguishable immediately on entry from daylight. 
With the projector off, the illumination on the screen 
due to light from the auditorium was measured and 
found to be about 0.04 ft.c., while the screen illu- 
mination when the projector was running, with 
shutter but without film, was about 10 ft.c. Taking, 
as a reasonable figure, half the latter value as the 
illumination of the brightest part of the screen when 
the picture is being shown, and assuming the bright- 
ness range possible with no stray light on the screen 
to be 50 : 1, then the illumination of the darkest part 
of the screen, due to light transmitted through the 
film, will be 0.1 ft.c. Now if an illumination of 
0.04 ft.c. is superimposed on the screen, due to the 
auditorium lighting, the respective values become 
5.04 ft.c. and 0.14 ft.c., and the brightness range is 
contracted to 36 : 1, or 72 per cent. of the former 
range. This may appear to be a change of some 
moment but, as actual observations have shown, it 
does not produce any noticeable deterioration of the 
picture. No doubt a difference might be observed if 
pictures having brightness ranges of 50 : 1 and 35: 1 
were viewed simultaneously. However, it may be 
remarked that half-tone block reproductions of 
photographs, which we are accustomed to regard as 
reasonably satisfactory pictures in newspapers and 
books, seldom have a brightness range greater than 
10 : 1, and that, in cinemas where the picture pre- 
sentation is considered quite satisfactory, actual 
measurement has shown the brightness range to be 
of the order of 36 : 1.* 

Assuming adoption of the Japanese recommended 
value of 0.15 ft.c., and that the screen receives this 
illumination, the brightness range in the case under 
consideration would be reduced from 50:1 in a 
dark auditorium to about 20:1. But, since these 
conditions were characteristic of two of the cinemas 
considered by the Japanese Committee, it appears 
that even a brightness range of 20 : 1 is consistent 
with effective picture entertainment. 

Table IV. shows the effect of different amounts of 
stray screen illumination on the brightness range 
and on the contrast range of the picture. The values 
given are on the assumption that the maximum 
illumination the screen receives from light projected 
through the film is 5 ft.c., and the minimum 0.1 ft.c., 
and that the smallest perceptible contrast is that 
formed by adjacent areas of the screen which differ 
in brightness by 2 or 5 per cent. 

It will be seen that a large change in the brightness 
range has little effect on either the maximum con- 





*Jesty and Winch, Television Images, Trans. Illum. Eng. 
Soc. (London), Vol. II., No. 8, Aug., 1937. 


TABLE IV. 


Contrast range. 





ey oma Brightness Maximum 








naan tata | range. — wet aod Min. ea 
| None [50 :1) 0.98 | 49 1 19.6 1 
0.04 (36 :1| 0.972 | 486 :1 | 1944:1 
| 0.05 (33.6 :1| 097 | 485 :1 | 194 :1 
| 0.06 |31.6 : 1} 0.968 | 484 :1 | 19.36: 1 
| 0.07 (29.8 : 1| 0.966 | 48.3 :1 | 19.32: 1 
0.08 {28.2 : 1! 0.964 | 48.25:1 | 1928:1 
0.09 |26.8 : 1| 0.962 | 481 :1 | 19.24:1 
0.10 |25.5 : 11 0.960 | 48 1 19.2 :1 
0.12 |23.25: 1) 0.956 | 47.8 :1 | 19.12:1 
0.14 {214 : 1) 0.953 | 47.65:1 | 19.06: 1 
0.16 |19.85: 1] 0.949 | 4745:1 | 18.98:1 














* Brightness contrast is evaluated by expressing the 
difference between the brightnesses involved as a fraction 
of the greater brightness. This function of the brightnesses 
in a contrast should not be assumed to represent the rela- 
tive subjective value of a contrast. 


trast or the contrast range. The effect upon contrast 
range is not, of course, the only one to be considered, 
since stray light will have a selective effect on the 
contrasts present in the film, obliterating larger con- 
trasts in the dark than in the light parts, so that more 
details will be lost in the dark than in the light parts 
of the picture. As already stated, however, with the 
conditions of projection and auditorium lighting 
under discussion, tests have shown that this effect is 
not noticeable. In any case some of the finer detail 
present in the picture, and distinguishable on careful 
inspection when the picture is still, is not clearly 
perceived in “motion pictures” but is taken for 
granted, ie., filled in mentally. This is especially 
true when we are viewing scenes of a familiar 
general type, as it is of much of the detail of the 
characters in words we read. But for this habit of 
utilising stored mental impressions to supplement 
those due to immediate visual stimuli we should find 
many pictures, particularly newspaper illustrations, 
very unsatisfactory, since the amount of detail in 
them is far less than in the objects they represent. 
Clearly, any given standard of auditorium illumin- 
ation will not be equally effective in cinemas which 
differ much in the average reflection factor of their 
auditorium surfaces, i.e., walls, ceiling, floor, and 
seating, since the general brightness will depend 
upon the nature of these surfaces. It will 
also, of course, depend upon the colour of 
the light used. In recommending an _ illumin- 
ation of 0.05 ft.c, the IES. Panel assumed 
the use of white, or nearly white, light, and audi- 
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torium decorations and furnishings as used in the 
“ average cinema” which do not reflect a major pro- 
portion of the light they receive. In particular cases, 
where the decorations and furnishings adopted are 
unusually light in colour, it may be permissible to 
adopt a proportionately lower illumination. In our 
opinion, however, this is neither necessary nor desir- 
able, while on the other hand, as we have shown, no 
disadvantage is likely to arise from the use of a some- 
what higher illumination in the average cinema. 

The choice of decorations and furnishings of a char- 
acter favourable to good visibility in the auditorium 
is obviously desirable, and particularly in parts which 
are difficult to light well—contrasts accentuated by 
the use of materials differing in reflection character- 
istics and/or colour can be utilised. 

As is now well known, the acuity and contrast sen- 
sitivity of the eye are both improved by suitably 
illuminating the surrounds of the central field of 
vision. With completely dark or very poorly illumin- 
ated surrounds the contrast sensitivity is probably 
not good enough for the eye to appreciate the smallest 
contrast present in the projected picture. This would 
account for failure, in the tests described, to detect 
any improvement in the picture seen when the audi- 
torium was illuminated to 0.01 ft.c. as compared with 
0.05 ft.c. 


Method of Lighting Cinema Auditoriums. 


During projection of the pictures the auditorium 
lighting in many cinemas is provided by means of 
widely spaced wall-mounted units, together with a 
few pendant light sources. All of these are enclosed 
in, or shaded by, some kind of decorative fitting so 
as to provide colour lighting of very low intensity. 
In some cases, particularly in balconies where there 
are stepped gangways, supplementary lighting is pro- 
vided by small units mounted close to the floor at the 
ends of rows of seats. Naturally, with such a method 
of lighting, illumination of the auditorium is very 
far from uniform, and the presence of small light 
sources within the field of view, even though they 
are of low brightness, is more or less distracting. It 
is, however, not always easy to secure a good distri- 
bution of light in cinema auditoriums while keeping 
the lighting units out of the field of view of members 
of the audience, unless the auditorium is planned at 
the outset with this object in view. 

Though, in the newer cinemas, co-operation be- 
tween architect and illuminating engineer is evi- 
denced by the adoption of methods of auditorium 


lighting which provide adequate illumination, 
combined with aesthetic appeal during intermissions 
in the picture programme, the means adopted for 
lighting during projection of the pictures are still 
not entirely satisfactory. 

Small light sources are frequently used under the 
balcony, these being accommodated in recesses in 
the ceiling so that the lamps themselves are com- 
pletely concealed. These lamps are usually coloured, 
or the recess mouths are closed with glass visors, 
usually amber in colour. Even this method of 
lighting, however, is open to the objection that one 
or more of the small relatively bright areas formed 
by the sources is usually seen in the peripheral field. 
The ideal method of auditorium lighting, both from 
the aesthetic point of view and that of securing 
reasonably uniform illumination, appears to be by 
means of extended secondary sources—that is, by 
means of lamps so arranged as to illuminate large 
wall and ceiling areas from which the light is 
diffusely reflected on to the area occupied by the 
seating. Such a system has been adopted in certain 
cinemas, the lamps being concealed in wall and 
ceiling troughs and, if desired, in troughs around the 
proscenium arch. 


Such lighting can be very effectively augmented 
during periods of intermission by luminescent tube 
lighting, flood-lighted ornamental plaster relief 
work, etc. 


With any method of lighting which provides 
approximately uniform illumination throughout the 
auditorium it is, of course, obvious that the screen 
must be illuminated to nearly the same degree, unless 
it is placed at the back of a tunnel whose sides have 
a very low reflection factor. But we have already 
shown that an illumination on ‘the screen of the 
order of 0.05 ft.c. is no detriment to the picture under 
average conditions of projection. A much more 
serious practical objection which can be raised 


against better auditorium illumination is that 
custom has long habituated the cinema 
audience to associate extremely low illumina- 


tion with picture viewing, and that whether 
or not better illumination really has any perceptible 
effect upon picture quality such an innovation might 
be viewed with disfavour by cinema patrons. This 
objection would have some weight if unsuitable 
methods were used to provide higher illumination— 
that is, if it were obtained by visible small sources. 
This is an additional reason why the lighting of the 
auditorium should be as unobtrusive as possible, 
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and effected in such a way that no relatively bright 
spots are noticeable. 


Our impressions of brightness do not depend en- | 


tirely upon the average level to which the eyes are 
adapted, unless the variation from this average in 
different parts of the field is small. Otherwise the 
subjective impression of brightness tends to be un- 
duly influenced towards over-estimation by the 
relatively high brightness areas in the field. Pro- 
viding, however, that the light sources are concealed, 
and marked diversity is avoided, we do not believe 
that an auditorium illumination of 0.05 ft.c. is at all 
likely to excite unfavourable comment on the part 
of the cinema-going public. 


illumination of Screen Surround. 

It is the present practice in all cinemas to keep the 
immediate surrounds of the picture as dark as pos- 
sible—that is, to present the picture in a wide, black 
frame. Opinion, however, is divided as to whether 
this practice is consistent with the best visibility of 
the picture or not. The IE.S. Panel witnessed a 
demonstration in which the picture was surrounded 
by an illuminated border pale yellow in colour. It 
was claimed that this accentuated the blacks in the 
picture and improved the apparent contrast. 

Though, in the opinion of the Panel, the border was 
rather too bright, the contrasts in the picture did 
appear to be enhanced—an effect which is due to the 
well-known phenomenon of spatial induction. It 
was also observed that the use of such a border made 
it possible considerably to increase the auditorium 
illumination without in any way spoiling the picture. 
In this connection, it is interesting to recall a paper 
read before this Society in 1929 by Dr. L. C. Martin, 
in which he described the results of investigations* 
of the effects of spatial induction on contrast sensi- 
tivity. These showed that contrast sensitivity 
is improved when the central field is sur- 
rounded by a field of low intensity while, if the sur- 
rounding field is blue, its brightness may be equal 
to that of the central brightness. He suggested that 
the best effects in a picture theatre would be obtained 
by a preponderance of blue in the surroundings of 
the screen, rather than the warmer colours. 

Almost immediately after the LE.S. Panel had 
drafted its Report there appeared in an evening 
newspaper an account of experiments with illumin- 
ated screen surrounds made in one of the largest 
and best known London cinemas. These experiments 





*Colour and Its Applications. L. C. Martin, D.Sc., 
A.R.C.S., “Journal of Good Lighting,” February, 1929. 


were prompted by observations that the coloured 
film then being shown appeared to occasion eye-strain 
when viewed in a dimly lighted auditorium with 
black screen surrounds. It was found that an illumin- 
ated surround, preferably neutral in colour, did not 
in any way spoil the colours in the film, but, by 
eliminating the appearance of unnatural brilliance, 
made the general appearance more realistic, and 
enhanced the enjoyment of the picture.7 

Quite early in the course of their work the LES. 
Panel were able to experiment with illuminated 
drapings round the screen in the Holophane demon- 
stration theatre, and reached the conclusion that 
visibility of the picture and comfort in viewing were 
improved by illuminating the picture surround to a 


-low intensity. It may also be mentioned that in 1931 


the American Theatre Lighting Committee, during 
the course of an investigation, found that screen sur- 
rounds having a brightness of about 0.05 millilam- 
berts provided quite comfortable viewing conditions. 


Emergency Lighting. 

Finally, the question of lighting for safe exit from 
cinemas in the event of emergency remains to be 
considered. As already stated, two independent 
systems of lighting are required to be installed in 
cinemas, one of which, usually called the secondary 
or safety lighting, is maintained by means indepen- 
dent of any public supply. In practice this often 
means that, in the event of any interruption of supply 
for the main lighting, the light sources at the exits 
and a few pilot sources are the only means available 
for illuminating the auditorium. 

With these conditions of lighting the illumination 
differs so much from point to point that, as a 
criterion of adequacy for a specific purpose, an aver- 
age value is useless, but in most cinemas it is ex- 
tremely low.* At many points in the cinemas visited 
by the I.E.S. Panel no reading could be obtained on 
the special low-reading auto-photometer used. In 
our actual trial with the safety lighting alone, mem- 
bers of the Panel were able to find their way to the 
exits without serious difficulty, but it must be re- 
membered that no real emergency and no occasion 
for hurried exit existed. So far as the L.C.C. area 
is concerned, no serious accident has occurred when 
exit from a cinema has had to be made with the safety 





+ Midnight Experiment. A. Jympson Harman, “Evening 
News,” January 24, 1938. 

* The coefficient of variation of illumination in one “ well- 
lighted’ cinema with the safety lighting alone was found, 
from a series of measurements at seventy-three points, to be 
about 100 per cent. 
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lighting alone, though this fact is evidence of 
adequacy of the lighting only in the particular cir- 
cumstances of such emergencies as have been ex- 
perienced. Should a speedy exit be necessary it 
seems highly desirable that better safety lighting 
should be provided, but it is obvious, of course, that, 
in the event of panic, the best possible lighting could 
not necessarily ensure safe exit. However, in view 
of the fact that light sources which serve as beacons 
are maintained at all exits, the I.E.S. Panel considered 
that the purpose of the safety lighting system will 
be served if it is planned to provide an illumination 
which does not in general fall below 1/400 ft.c. 
Though this value is extremely low, it should be re- 
membered that on occasions when it is likely to be 
used, the eyes of the audience will have already 
become adapted to a low level of brightness. 


APPENDIX 
Report of the Panel appointed by the Technical Com- 
mittee of the Illuminating Engineering Society to Advise 
on “ The Lighting of Cinema Auditoriums.” 


1. Origin of Panel. 

In a letter dated June 9, 1936 (J.51788), the London County 
Council asked the Illuminating Engineering Society for ob- 
servations as to the practicability of adjusting the standard 
of maintained lighting in cinemas to such an extent as to 
enable patrons entering a cinema from daylight to make 
their way unaided to their seats. 

The matter was referred to the Council, and in due course 
the Technical Committee appointed a Panel, which was 
constituted as follows:— 


2. Constitution of the Panel. 

Professor J. T. MacGregor-Morris (chairman), Mr. H. 
Buckley, Mr. F. J. C. Brookes, Mr J. S. Dow, Mr. S. Hart, 
Mr. L. Knopp, Mr. E. Ridley, Mr. T. E. Ritchie, Mr. E. Stroud, 
Mr. H. C. Weston, and Mr. W. A. G. Hobbs (secretary). 


3. Terms of Reference. 

The first meeting of the Panel was held on December 17, 
1936, twelve meetings being subsequently held, the terms 
of reference being as follows: — 

(1) Could improvement to the present lighting of 
cinema auditoriums be made without detriment to the 
screen picture, to enable persons entering the cinema 
from daylight to see their way easily and safely to their 
seats without the use of hand torches? 

(2) Is the present lighting reasonably adequate to 
ensure orderly conduct, and sufficient to permit of 
escape in cases of emergency? 


4. Procedure. 

Relevant published information was examined, a number 
of experimental researches carried out, and lighting surveys 
were made at a number of typical cinemas. 


5. Existing Regulations of the L.C.C. for the Lighting of 
Cinemas. 

Regulations of the L.C.C. applicable to cinemas include 

one specifying a minimum maintained auditorium illumina- 


tion of 0.025 ft.c. to be provided jointly from two indepen- 
dent lighting systems, viz., the primary and secondary 
(safety) lighting, each itself being required to provide ade- 
quate lighting for the purpose of ready exit from the audi- 
torium. 


6. Results of Investigation. 

The Panel] found that the primary and secondary lighting 
systems usually employed in existing cinemas together pro- 
vide an auditorium illumination of about 0.01 ft.c. 


The eyes of persons in a cinema gradually become adapted 
to the dim auditorium lighting, and are then able to see 
objects not discernible immediately upon entry. When 
thus adapted, experience has shown that, in emergency, 
members of the audience can make their way towards in- 
ternally illuminated exit notices with a relatively low general 
illumination. 

The Panel’s experiments, however, have shown that an 
auditorium illumination of not less than 0.05 ft.c. is required 
to enable persons entering a cinema from daylight to see 
their way to their seats. With this iliumination there is no 
perceptible effect on the quality of the picture, providing (a) 
the light sources are suitably screened, and the flux distri- 
bution is such that no part of the screen receives from the 
auditorium lights an illumination greater than 0.05 ft.c., and 
(b) the screen illumination from the projector, without film 
and shutter, is not less than 10 ft.c. 


When the projector used gives a screen illumination 
greater than 10 ft.c. the auditorium illumination can, if 
desired, be proportionately increased without detriment to 
the picture quality. Where, however, a screen illumination 
of less than 10 ft.c. is used, every effort should be made to 
prevent stray light from the auditorium reaching the screen, 
in order to avoid any noticeable deterioration of the 
picture. 

The specified auditorium illumination should be main- 
tained irrespective of any incidental illumination received 
by reflection from the screen. 

Experience has shown that complete absence of visible 
light-sources in the field of view is most desirable whilst the 
picture is being viewed, and the Panel, therefore, suggests 
that indirect maintained lighting be employed in cinema 
auditoriums. 

The Panel found that the maintained illumination should 
be evenly distributed, so as to avoid light and dark patches 
in the field of vision. 

In particular, gangway lighting from lamps fitted to the 
sides of the seating is liable to be objectionable and dis- 
tracting. 

The Panel strongly emphasises that decorations and fur- 
nishings should be of light colour, in order that the maxi- 
mum. benefit may be obtained from the available illumina- 
tion, and that the front edge of each stair or stepping and 
the outlines of obstructions should be of such contrast, 
either in colour or brightness, as to render them easily 
visible. 

The Panel found that a black border to the screen picture 
was not necessarily desirable—in fact, a surround of less 
contrast was found conducive to greater visual comfort. 

The present-day practice of providing more light at the 
rear of the auditorium than at the front appears to have 
much to recommend it, particularly as it assists the process 
of visual adaptation. 
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7. Recommendations. 


The Panel recommends that:— 

(1) If it be desired to maintain sufficient lighting to 
enable persons entering the cinema from daylight to 
see their way easily and safely to their seats without 
the use of hand torches, then the total maintained illu- 
mination (primary plus secondary) should, in general, 
be not less than 0.05 ft.c. throughout the auditorium, 
and, where entrance is made from the rear of the stalls 
or circle, should preferably be graded from 0.08 ft.c. 
at the rear of the auditorium to not less than 0.05 ft.c. 
at the front. 

(2) The secondary (or safety) illumination should, in 
general, be not less than 0.0025 ft.c. throughout the 
auditorium. 

All the values specified above refer to illuminations 
measured on a horizontal plane 3 ft. 6 in. above the floor 
level, and are based on the assumption that the decorations 
and furnishings in the auditorium have the present average 
iow reflection factors. Wher the surroundings are lighter 
in colour, correspondingly lower jilluminations may be 
adopted for the total maintained illumination without im- 
pairing visibility. 

Such circumstances would doubtless be borne in mind 
when framing any regulations based on the above standards. 


ADDENDUM. 
8. Illumination from Coloured Sources. 


The values of illumination recommended by the Panel 
are at the present time most economically obtained from 


“ white” sources. For example, in order to produce a 
given illumination, a greater wattage will be necessary with 
colour-sprayed lamps than with pearl iamps. The following 
table gives comparative figures for sprayed lamps of the 
various colours usually obtainable. 


| Colour of Lamp | Pearl Pink Y’1I'w|Flame! Amber|Or’nge! Green Red Blue | 




















\Com parative 
‘einen ging ee | 14 | 2.0 
equal light out- 

‘puts (approx.) | 





3.9 | 3.9 | 4.9] 16 | 39 





9. Photometry. 

Various portable photometers of the visual and photo- 
electric types are available for measuring the values of 
illumination met with in cinemas, but at present difficulty 
is experienced if the lighting is not substantially white in 
colour. In such cases it is desirable to use instruments 
specially calibrated for measurements in cinemas. 

As an approximate check on the value of illumination in 
an auditorium, a visual acuity test may be employed. Test 
types (after Snellen) such as are used by opticians are 
most convenient for this work, and are readily obtainable. 
A light adapted observer should select from the test card 
that size of type just readable in daylight, when viewed 
at a distance of 5 ft. With the card held horizontally and 
viewed at a distance approximately 18 in., the same 
observer, when reasonably dark adapted, should be able to 
read the selected type at an illumination of 0.05 ft.c. 





DISCUSSION 


The Cuatrman (Mr. F. C. Smith) said the subject 
of the lighting of cinema auditoriums for visibility 
and safety, which was to be dealt with by Messrs. E. 
Stroud and H. C. Weston, was not only interesting 
from the technical point of view but because the 
work reported in the paper was the outcome of a co- 
operative effort between a great public body and a 
technical society. Moreover, during the investigation 
they had had the assistance of a very large and im- 
portant industry, and one could not but feel that 
with such co-operation every aspect of the subject 
would have been studied. The position was that in 
June, 1936, the London County Council asked the 
Illuminating Engineering Society for observations 
with regard to cinema lighting. The matter was re- 
ferred to the Council of the Society, which in turn 
referred it to the Technical Committee, and a Panel 
was set up to study the question under the chairman- 
ship of Prof. J. T. MacGregor-Morris. The paper 
which was to be presented dealt with the results 
of that investigation. 


Mr. A. W. BEUTTELL expressed the hope that the 
L.C.C. would now give effect to the recommendations 


of the Panel, and said he did so because he had been 
rather staggered by the figures in the paper of the 
illuminations that had been measured in existing 
cinemas, there being cinemas which were quite 
modern and had minimum illuminations of the order 
of 0.001 ft.c. This led him to hope that the industry 
would take steps to get these recommendations put 
into practice. There was a suggestion in the paper 
that the cinema-going public might not take very 
kindly to the higher illumination recommended, but 
it was to be hoped that no notice would be taken of 
what it might be thought the cinema-going public 
preferred. His own experience showed that if the 
public were led in a certain direction which the ex- 
perts believed to be right—having studied the matter 
far more than the public would themselves—then the 
public would always follow and be glad when they 
had more comfortable conditions. Further, he hoped 
that greater attention would be paid to the more 
uniform lighting of auditoriums, and that such a low 
figure as 0.001 ft.c. would be exceptional. Quite 
recently he went into a cinema in which the degree 
of lighting was very low, and he was quite unable 
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to see the vacant seat, eventually sitting on some- 
body’s lap. 

Another point mentioned in the paper was the 
method of measuring illumination, and he asked 
whether they were wholly satisfied with always 
measuring the horizontal illumination. Personally, 
he did not think the horizontal illumination was the 
thing most essentially required in a cinema for the 
purpose of enabling a person to find a seat or to see 
something on a programme. Was it not possible to 
adopt a brightness basis, because, although horizontal 
illumination might be specified, the result very much 
depended upon how the building was decorated and 
particularly how it was furnished. Whilst appre- 
ciating there would be difficulties in adopting a 
brightness basis he suggested it would encourage 
people to use lighter furniture, which would be much 
more visible under the same illumination. 

Referring to Table IV., Mr. Beuttell said it seemed 
that the Committee was most interested in the con- 
trast range of the screen, but the important point 
about that Table, in his view, was what happened 
to the lower contrasts when stray light reached a 
value of 0.16. He had worked that out and found that 
2 per cent. contrast became 0.75 per cent., and the 
5 per cent. contrast became 1.9 per cent. Therefore, 
the 5 per cent. contrast with stray light had come 


down into the same category as the 2 per cent. with- 
out it. 


Mr. BEUTTELL repeated the hope that these recom- 
mendations would be put into force and that archi- 
tects would assist in this by consulting lighting speci- 
alists before they completed the designs of theatres. 


Professor J. T. MacGrecor-Morais referred briefly 
to the work of the Joint Committee, drawing atten- 
tion to its representative character and the har- 
monious conditions under which its members had 
worked. 

In connection with Table II. in the paper, he re- 
ferred to the use of the term “median,” and sug- 
gested that, as this might not be familiar to all those 
present, a word of explanation from the authors 
might not be out of place. 


Mr. S. Hart said that although he had been a 
member of the Panel he had nothing to add except, 
perhaps, to suggest that something should be done 
to improve the main lighting of auditoriums in 
general, and, it might be, to raise it to 0.1 ft.c. 


Dr. H. Buckiey said that there was one visual 
phenomenon which became of interest at low levels 


of illumination. This was usually referred to as the 
Purkinje effect. He gave a demonstration of this by 
means of three models of cinemas equally illu- 
minated by means of white, red, and green light. 
He pointed out that at low levels of illumination the 
eye became increasingly sensitive to the light at the 
blue end of the spectrum. The effect did not appear 
to be serious with an illumination of 0.05 ft.c., but, 
as the demonstration showed, the effect of reducing 
it below this value was quite evident. 


Mr. E. Riw.ey remarked that anything he might say 
did not necessarily represent the views of the London 
County Council, whom he had served until recently. 
His comments were based on his thirty years’ experi- 
ence, and represented his own personal views. 
Speaking of the mention in the paper of the fact that 
in 1916 the L.C.C. accepted 0.01 ft.c., he said he 
had realised some years afterwards that those respon- 
sible for fixing that minimum must have been 
partially dark adapted. They had been to several 
cinemas for about a quarter of an hour or twenty 
minutes each, and passing from one to the other in 
that way they were more or less dark adapted and 
had accepted the standard, recorded as 0.025 ft.c., 
that has since proved to approximate 0.01 ft.c. 
This was perhaps not serious for their pur- 
pose of securing reasonable general lighting, but to 
be dark adapted was altogether wrong for the present 
purpose, which is avowedly to provide for fully 
light-adapted persons. His own experience was that 
it takes considerable time to become light adapted, 
and that if one was dark adapted it was necessary to 
go out into bright daylight for a quarter of an hour or 
so before it was possible to start again. Further, his 
experience had convinced him that it required trained 
experts to take photometric measurements at low 
intensities, and that even then the personal factor 
played an important part in the result, having regard 
to the influence of so many factors such as colour, 
brightness, reflection, etc. 

Mr. Ridley agreed with the authors that the pre- 
ference at the present time for a completely dark 
auditorium in which to show films was a relic of the 
early days when screen brightnesses were very much 
lower than now. It was an extraordinary but recur- 
ring fact, when a new and up-to-date cinema had 
been equipped with what the experts regarded as a 
reasonable degree of auditorium illumination (say, of 
the 0.025 ft.c. standard), that within a week or a fort- 
night of its opening the management would go to 
the trouble, expense, and resulting inconvenience of 
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DISCUSSION 


deliberately tinting or screening the lamps to bring 
down the illumination to something like 0.01 or even 
0.005 ft.c.—notwithstanding that the higher 
degree of illumination made no difference whatever 
as regards viewing the screen! This was presumably 
because of complaints by numerous patrons who still 
preferred the lower illumination with all its disad- 
vantages—a point to be taken into consideration. 


Mr. R. GILLESPIE WILLIAMS said that the adoption 


-of this report would have important results which 


are of interest to the illuminating engineer. For 
many years cinema proprietors had clung to the argu- 
ment that the picture is shown in a dark hall and 
therefore the surroundings do not matter much. In 
the last year or two this argument has been utilised 
to cut down expenditure on auditorium lighting and 
decoration to a point almost of bad taste. 

Now if there were to be a minimum illumination of 
0.05 ft.c. it is obvious that the surroundings would be 
visible during the showing of the picture, and pro- 
prietors would have to consider the appearance and 
effect of these surroundings during the showing of 
the films. Distraction was not only a matter of foot- 
candle intensity. In Art the association of all the 
factors of which we were conscious when considering 
a subject was important. The surroundings must, 
therefore, link with, and support, the film story. 

To provide a minimum illumination of 
0.05 ft.c. with the type of secondary lighting 
system commonly employed would present serious 
difficulties, and it would be a problem to provide 
this minimum. illumination with a low diversity 
factor, without bright sources of light. If, how- 
ever, this maintained lighting was provided by 
indirect means, say, by floodlighting surroundings to 
a low intensity, the resultant illumination would be 
reasonably even and there would not be bright light 
sources or areas of high intensity to worry the eyes. 

“Decoration with Light” and maintained audi- 
torium lighting could be obtained by the same means 
at one time with the additional advantage that the 
artistic effect of the surroundings could be altered 
by variations in the colour of the decorative main- 
tained lighting. Means are available which would 
allow of marked alterations on the decorative light- 
ing effects without reducing the resultant diffused 
illumination by automatic control mechanism, which 
reproduce at the touch of a switch any one of a 
number of carefully predetermined set-ups. 

It was interesting to learn from the report that the 
black surround of the picture to which the industry 


has clung so long was now not regarded from a 
scientific point of view as being the most suitable 
setting, because the same conclusion has already been 
reached from an artistic standpoint. He had already 
been associated with cinemas where it was proposed 
to link the screen picture with the auditorium by 
means of illuminated areas of low intensity. 


Mr. R. D. Moss said it was a great pity that it had 
not been possible to test out varying degrees of 
illumination in the cinema that evening by coming 
into the hall from a brilliantly lighted exterior, but 
that, of course, was not possible. It seemed in this 
country we were working at a very much lower 
degree of illumination than abroad, but perhaps this 
indicated that there was more orderly conduct in 
cinemas in this country. After asking for informa- 
tion as to the illumination adopted in Continental 
cinemas, in Paris and Berlin, for example, which 
perhaps the authors could give us, Mr. Moss referred 
to the suggestion of 0.05 ft.c. for rendering visible 
gangways, steps and seats, immediately on entering 
from daylight, and said that he had seen demon- 
strated an illumination of 0.02 ft.c. which appeared to 
him to be sufficient for that purpose. 


Mr. A. CUNNINGTON said it would be interesting to 
know what was the likely source of opposition to 
the adoption of the proposals of the Committee. It 
appeared that the tradition of showing the picture 
in complete darkness should now be abandoned be- 
cause it had been shown by scientific experiment 
that an adequate degree of lighting in the auditorium 
to enable people to find their seats whilst a picture 
was being shown did not interfere with the vision 
of the film, and he doubted whether cinema proprie- 
tors would complain of the slight extra cost of 
lighting involved. Therefore, it seemed that the 
only opposition must come from what might be re- 
garded as an uneducated public in these matters, 
and he suggested that no notice should be taken of 
that, in which connection he strongly supported the 
view expressed by Mr. Beuttell. If scientific experts, 
the London County Council, and cinema proprietors 
were satisfied, surely that should be sufficient for 
these recommendations to be adopted. 


Mr. H. L. JULIUSBURGER suggested that the objec- 
tion taken by cinema patrons to permanent illumina- 
tion of the auditorium during performances was a 
somewhat more natural one than was assumed in 
the discussions. He did not think that the watching 
of outdoor entertainments could be directly com- 
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DISCUSSION 


pared with indoor conditions. The case of the cinema 
might, perhaps, be compared with that of the theatre. 
In both cases acting and lighting were concentrated 
on one spot. Certainly in theatres the general illu- 
mination of the auditorium was higher than the high- 
est values proposed in the paper. But owing to the fact 
that light was received from the stage the people in 
the rows in front of a client appeared as mere sil- 
houettes, so that movements and colours associated 
with them caused less distraction than if light were 
distributed all over the audience. 


He considered, therefore, that the point raised by 
Mr. Beuttell—provision of more vertical illumina- 
tion might be useful in the case of cinema lighting— 
might be worth while following up, and considera- 
tion given to the positions of light sources for the 
purposes dealt with in the paper. In this way a 
separation of the two problems—undisturbed view of 
the screen and ease in finding the positions of seats, 
—might be achieved. 


Mr. J. S. Dow remarked that the authors of the 
paper had adhered rather too closely to the terms 
of reference to the Committee and had been mainly 
concerned to prove that 0.05 ft.c. would not do any 
harm to the picture. He would like to know, how- 
ever, whether the authors believed that even as 
much as 0.5 ft.c. could have any prejudicial effect. 
Personally he was convinced it should not, as it 
could be obtained without any appreciable amount 
of light striking the screen. It did not seem to be 
realised, however, that such stray light on the screen 
Was not necessarily a drawback. He recalled one 
cinema demonstration, in which Mr. Gillespie Wil- 
liams had deliberately superimposed some coloured 
light on the picture in order to improve the general 
effect. His experience was that people in the cinema 
industry did not attach much importance to the effect 
of stray light on the screen. It was more usually 
suggested that the attention might be distracted by 
seeing other people around them. In this connection 
Mr. Dow remarked that he had been at the Chelsea- 
Arsenal Cup Tie on the previous Saturday—a film 
of which was shown during the meeting. He had not 
observed that the attention of the spectators was 
diverted nor their enthusiasm in any way lessened 
by the fact that all their neighbours were completely 
revealed in full daylight. 


Mr. Weston, replying to the discussion, agreed 
with Mr. Beuttell that most lighting engineers were 


not absolutely satisfied with measuring illumination 
on the horizontal plane, but added that it was very 
difficult to get anything more convenient at the 
moment. Obviously it was the question of bright- 
ness in which they were really interested, and the 
difference in brightness in two cinemas which they 
had inspected, both illuminated to the same level, 
was most marked. If the recommendations of the 
Report were adopted it might be that the cinema 
manager would get out of any difficulty by altering 
his decorations. 
into a cinema out of daylight. 


As to the possible opposition to improved illumina- 
tion of this nature, the blame must be put on the 
public, but personally he did not think there was 
likely to be any very serious opposition if cinemas 
adopted a uniform practice—except, perhaps, from 
the courting couples. It was impossible to separate 
the two requirements—that of persons entering from 
daylight, and of those who had been sitting in the 
cinema for some time, and it was necessary to have 
sufficient illumination for the former to find their 
way to their seats, with reasonable care, whilst the 
picture was being projected. 


In reply to Mr. Dow as to whether 0.5 ft.c. would 
do any harm, Mr. Weston said he was not going to 


speak for the Panel, but his own view was that with 


the modern high screen brightness it would not be 
in the least harmful or interfere with the presenta- 
tion of the picture. 


Mr. Weston said that the “median” was simply 
the middle figure of a series of values when these 
are arranged in order of magnitude. The ordinary 
arithmetic mean did not represent the “ average” 
condition so well as the median when a series of 
values includes some which are very high or very 
low. 


In the course of the proceedings several short films 
were exhibited, the general (indirect) illumination 
being in the meantime adjusted to the value recom- 
mended in the report addressed to the London County 
Council (0.05 ft.c.), and also to values above and 
below this amount, so that the audience could judge 
for themselves the effect on the appearance of the 
picture and on the conditions of visibility in the audi- 
torium. 


The chairman in moving a vote of thanks to the 
author and to the Gaumont-British Picture Corpora- 
tion for their hospitality also expressed the apprecia- 
tion of the facilities afforded for making these 
demonstrations. 
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He agreed the real test was to go. 
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NOTES ON RECENT MEETINGS AND EVENTS 


General Meeting in London. 

A meeting of the Society was held in the Lecture 
Theatre of the Institution of Mechanical Engineers on 
Tuesday, January 17. 

Dr. S. English welcomed back to this country the 
President (Mr. Percy Good) who had recently re- 
turned from Australia and New Zealand, where he 
had been advising the Governments on the subject 
of standardisation. Mr. Good, on taking the chair, ex- 
pressed his appreciation of the honour the Society had 
conferred on him by electing him as its President, and 
his indebtedness to Dr. English for presiding in his 
absence. 

The minutes of the last meeting having been taken 
as read, the hon. secretary mentioned that lists of new 
applicants for membership were available for inspec- 
tion, and those whose names had been presented at 
the previous meeting were formally declared 
members of the Society. 

The President then explained that, as the purpose 
of the meeting was to discuss the recommendations of 
the report of the Departmental Committee on Factory 
Lighting, of which Sir Duncan Wilson, a past-presi- 
dent and H.M. Chief Inspector of Factories, was 
chairman, he now proposed to vacate the chair and to 
ask Sir Duncan to preside over the remainder of the 
proceedings. 

The report was then discussed from four different 
points of view taken respectively by Mr. H.C. Weston, 
Mr. G. Chelioti, Mr. A. E. Iliffe, and Mr. R. W. Daniel 
(Mr. R. O. Ackerley, the chairman of the Industrial 
Lighting Section, also participating), after which a 
discussion took place in which Mr. Howard Long, Mr. 
S. J. Patmore, Dr. S. English, Mr. R. Holmes, Mr. F.C. 
Raphael, and Mr. F. 'C. Smith took part. 

Votes of thanks to the introductory speakers and to 
Sir Duncan Wilson for presiding were passed with 
acclamation. 


Visit to the B.T.H. Research Laboratory, Rugby. 


A visit was paid by members of the Society to the 
B.T.H. Research Laboratories, Rugby, on Tuesday, 
February 14. The party comprised approximately 
sixty members from London and forty from the 
various local centres, who had thus a unique oppor- 
tunity of meeting one another. 

On arrival at Rugby at 11.20 a.m. the party was con- 
veyed by coach to the works, where they were re- 
ceived by Mr. H. A. Lingard, a director, on behalf of 
the British Thomson-Houston Company, Ltd., and 
were afforded an opportunity of seeing sections of the 


factory concerned with lamp manufacture and other 
processes of special interest. 

The party was entertained to luncheon at the 
Masonic Hall, where Mr. H. N Sporborg, a director 
of the company, presided and made a brief speech 
welcoming the party. The President (Mr. Percy 
Good) responded, expressing the great interest felt by 
members of the Society in this visit and their high 
appreciation of the hospitality they were enjoying. 

A meeting of the Society was then held in the 
lecture theatre attached to the reorganised Research 
Laboratories over which the President presided. 
After the minutes of the last meeting had been taken 
as read, and lists of applicants for membership had 
been presented in the usual way, a lecture, entitled 
“Research on the Production and Utilisation of 
Light,” was delivered by Mr. H. Warren (director of 
research), which was supplemented by striking de- 
monstrations, lantern slides, and colour-films, all 
illustrating novel developments of great interest. 

Following the delivery of the lecture, questions 
were put by Mr. R. O. Sutherland, Mr. G. H. Wilson, 
Mr. J. S. Dow, Dr. J. W. T. Walsh, Professor J. T. 
MacGregor-Morris, Mr. R. O. Ackerley, Mr. J. Preston, 
and Mr. E. Stroud, to which Mr. Warren, Mr. L. J. 
Davies, and other members of the B.T.H. staff replied. 
The President, in winding up the meeting, warmly 
thanked Mr. Warren and his staff for this exceedingly 
interesting address, after which there was a tour of 
the laboratories, followed by tea, the majority of the 
party then leaving for London. 





SYNOPSIS OF MEETINGS 


N.B.— Unless otherwise announced all meetings commence at 7 p.m. 


LONDON. 

Feb. 28th. Lighting of the Modern Cinema (T. P. Bennerr); 
E.L.M.A. Lighting Service Bureau, 2, Savoy Hill, W.C.2. 

Mar. 7th. Some Uses of Glass in Illumination (R. F. Taytor and 
K. CHeseMan); Institution of Mech. Engrs., Storey’s Gate, West- 
minster, S.W.1. 

Mar. 14th. Annual Dinner. 
W.1. (6.45 for 7.30 p.m.) 

Mar. 17th. Recent Developments in Public Lighting in Dublin (F. 
X. Atear); H.L.M.A. Lighting Service Bureau, 2, Savoy Hill, 
W.C.2. 

Mar. 28th. A Debate on Illuminated Signs (J. Lancpon, C. WitLiams 
Eis, and HumpHreEy Baker); T'udor Room, Caxton Hall, Caxton 


Street, S.W.1. 
LEEDS. 
Mar. 13th. The Economics of Factory Lighting (W. F. Poason); 
The Electricity Showrooms, The Headrow. 
BIRMINGHAM. 
Mar. 10th. Informal Dinner and Social Evening. 
GLASGOW. 
Mar. 15th. Annual General Meeting and Paper on Louvre Control. 
19, Gordon Street. (7.30 p.m.) 
DUBLIN. 
Mar. 21st. Airport Lighting. ngineers’ Hall, 35, Dawson Street. 
(6.30 p.m.) 


Trocadero Restaurant, Piccadilly Circus, 
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NOTES ON RECENT MEETINGS AND EVENTS 


Sectional Meetings. 

Decorative Lighting Section—At a meeting held 
at the E.L.M.A. Lighting Service Bureau (2, 
Savoy-hill, London, W.C.), on January 24, Mr. Harold 
Bright gave an address on “The Relation Between 
the Illuminating Engineer and the Fittings Designer.” 
Mr. A. W. Beuttell presided. By the aid of diagrams 
the author illustrated the approach of the client to 
the architect, the illuminating engineer, and the 
fittings designer, and discussed the respective func- 
tions of these experts. In particular he pointed out 
how the illuminating engineer could do good service 
by acting as “liaison officer,” and he illustrated by 
means of lantern slides and demonstrations the solu- 
tions of problems that arise in connection with the 
design of fittings and their application to different 
types of interiors. Amongst the points discussed 
were the avoidance of “ spottiness,” of luminous sur- 
faces, the limit to be set on brightness of fittings, 
modifications of conventional designs such as candles, 
etc., and the treatment of fittings in which electric 
discharge lamps and filament lamps are combined. 
Contributions to the ensuing discussion were made 
by Mr. A. W. Beuttell, Mr. R. O. Ackerley, Mr. E. H. 
Penwarden, Mr. L. Tucker, Mr. D. W. Durrant, and 
Mr. J. M. Barnicot. 


Public Lighting Section.—A joint paper on “The 
Design of Street Lanterns” was presented by Mr. J. 
Bertram and Mr. R. Maxted at a meeting held in the 
house of the Royal Society of Arts (18, John-street, 
Adelphi, London, W.C.), on January 27. The paper 
dealt with various fundamental points in design; 
optical problems such as the distribution of light 
from lanterns, and the brightness of lantern sur- 
faces and their effect on the appearance of the road 
surface and glare, and also factors affecting mainten- 
ance were analysed in detail. An interesting dis- 
cussion followed in which the following took part: 
Mr. E. Stroud, Mr. J. G. Christopher, Mr. D. G. 
Sandeman, Mr. F. C. Smith, Mr. J. M. Waldram, Mr. 
J. S. Dow, Mr. A. Cunnington, Mr. J. S. Smyth, Mr. 
A. G. Brown, Mr. F. K. Garry, and Mr. E. Russ. 


Photometry Section—Members of this meeting 
spent an interesting evening on January 31, when a 
visit was paid to the factories of Dufay-Chromex, Ltd., 
at Elstree. The party, numbering about seventy, in- 
spected the laboratories, studying the apparatus for 
the commercial colorimetry of material, methods of 
photographic control, the printing of colour-ciné-film, 
and the large-scale processing of commercial roll 
film. Subsequently, a paper reviewing “Colour 


Photography at the Present Time” was given by Mr. 
C H. Beale, in the course of which the special pro- 
cesses with which the factory is identified were 
further explained. This led to an interesting discus- 
sion, and a cordial vote of thanks to Dufay-Chromex, 
Ltd., terminated the proceedings. 


Industrial Lighting and Commercial Lighting 
Sections.—At a joint meeting of these two sections, 
held at Charing Cross Hotel (London, W.C.2) on 
February 15, Mr. H. Fletcher, of Messrs. Montagu 
Burton, Ltd., gave an address on the Maintenance of 
a Lighting Installation. The address emphasised the 
importance of systematic maintenance to a large in- 
dustrial concern, and described the special measures 
adopted. Graphs and tables were exhibited showing 
the effect of neglect on the available illumination and 
the ensuing progressive deterioration in results, and 
analysing the running costs of an installation under 
the headings of wiring and fittings (interest on 
capital), cleaning, lamp renewals, and electrical 
energy. Mr. R. O. Ackerley (chairman of the Indus- 
trial Lighting Section) presided, and Mr. W. J. 
Jones (chairman of the Commercial Lighting Sec- 
tion) wound up the discussion, in which the follow- 
ing took part: Mr. A. W. Beuttell, Mr. D. B. Hogg, 
Mr. A. Cunnington, Mr. W. J. Edwards, Mr. G. 
Chelioti, Mr. J. A. Prowse, Dr. K. Norden, Mr. J. 
Hamilton-Mullen, Mr. C. P. Bicknall, and Mr. P. Good. 


Meeting of Local Centres. 

North Midland Area——On January 9 Mr. R. O. 
Ackerley presented a paper on “ Decorative Materials 
and their Response to Light,” in the course of which 
demonstrations were given of the effects of direc- 
tional and diffused lighting on wallpapers and 
furnishing materials, both with and without the 
addition of colour. In the course of the discussion 
Mr. Ackerley stated that there was no reason to be- 
lieve that lighting either by discharge lamps or fila- 
ment lamps had any prejudicial effect upon materials 
in show windows. In response to other queries he 
pointed out that the colour of the paint used for 
decoration in buildings lighted by a combination of 
mercury and filament lamps should be the subject 
of study; cream and grey were generally suitable, but 
pronounced greens and yellows should be used with 
discretion. 

Mr. Ackerley also took the opportunity to congratu- 
late the Centre on having attained official status. He 
suggested that local centres were in a specially 
favourable position to initiate investigations into 
lighting problems associated with local industries. 
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ELECTION OF 
SESSION 1939-1940. 


N accordance with the procedure specified in the 
[asics of the Society, a list of existing Officers 

and Members of Council, of vacancies occurring and 
of duly qualified persons nominated by the Council 
for vacancies about to occur in the offices of President, 
Vice-Presidents, Hon. Treasurer, Hon. Secretary, and 
Ordinary Members of Council is presented below for 
the information of the Members of the Society. 

In the event of any Members desiring to put forward 
other names, the Council will be pleased to receive such 


Present Officers and Members of Council 
President :—Mr. Percy Good, M.I.E.E. 


Past Presidents :— 
Mr. A. P. TROTTER, M.INST.C.E. 
Sir Joon HERBERT PARSONS, C.B.E., F.R.S. 
Sir Duncan WILSON, C.V.0., C.B.E. 
Dr. C. C. PATERSON, 0.B.E., M.INST.C.E., M.I.E.E. 
Dr. J. W. T. WALSH, M.A., M.LE.E. 
Lt.-Col. K. EpGcuMBE, T.D., M.INST.C.E., M.I.E.E. 
Sir Francis GOODENOUGH, C.B.E. 
Lt.-Com. Haypn T. Harrison, M.1.E.E., R.N.V.R. 
Mr. C. W. Sutty. 
Mr. H. Hepworth THOMPSON. 
Mr. A. W. BEUTTELL, M.1.E.E. 
Mr, A. CUNNINGTON, B.SC., M.IE.E. 
Dr. S. ENGLISH, F.1.C., F.INST.P. 


Vice-Presidents :— 
Mr. F. C. Smith, (1937) 
Mr. W. J. Jones (1937) 
Col. C. H. Strvester Evans (1938) 


Members of Council :— 

Mr. R. O. Ackerley (1936) 
Mr. T. C. Aneus (1938) 

Mr. B. F. W. Brsemer (1937) 
Mr. H. Brieut (1937) 

Dr. H. Bucktry (1938) 

Mr. W. N. C. Criincx (1938) 
Mr. J. F. Cotqunoun (1937) 
Mr. L. J. Davies (1938) 
Mr. A. V. Horsrati (1938) 
Mr. Howard Long (1936) 
Dr. R. J. Lythgoe (1936) 
Mr. A. R. MeGibbon (1936) 
Prof. J. T. MacGregor-Morris (1936) 
Mr. E. W. Murray (1936) 
Mr. J. 8. Preston (1937) 
Major P. A. Smrrx (1938) 
Mr. L. M. Tye (1937) 

Mr. J. M. Waldram (1936) 
Mr. H. C. Weston (1936) 
Mr. G. H. Witson (1937) 


Hon. Secretary:—Mr. J. Stewart Dow (1928) 
Hon. Treasurer :—Mr. E. Stroud (1936) 


The names in italics are those of retiring Officers or Members. 


date of election to Office or Membership of the Council. 


OFFICERS AND COUNCIL 


OFFICIAL NOTICE 


nominations, which should be made in accordance with 
the following rule (Article 48) :-— 


‘* After the issue of the Council’s list, and not later than the 
15th day of April next following, any ten Members (but no more 
than ten) may nominate any other duly qualified person to fill any 
such vacancy by delivering such nominations in writing to the 
Hon. Secretary, together with the written consent of such person to 
accept office if elected, but each such nominator shall be debarred 
from nominating any other person for the same office at such 
election.” 


Nominated by the Council to fill Vacancies 


President :—Mr. F. C. SMITH, M.INST. GAS E. 


Vice-President :—Mr. R. O. ACKERLEY 


Members of Council :— 
Mr. T. E. CatTen 
Mr. Dean CHANDLER 
Mr. W. J. Epwarps 
Mr. C. E. GREENSLADE 
Mr. F. E. LamMpiovucH 
Mr. H. Linearp 
Mr. T. E. RircHre 
Mr. K. F. Sawyer 
Mr. E. J. Stewart 


Hon. Secretary :—Mr. J. 8. Dow 
Hon. Treasurer :—Mr. E. W. Murray 


The date in parentheses after each name indicates the 
In addition to the above the Chairmen of the various 


Local Centres are Members of Council during their period of Office. 
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SPECIAL NOTICES 


Annual Dinner: March 14. 

Members are reminded that the annual dinner will 
take place at the Trocadero Restaurant (Picca- 
dilly, W.) on Tuesday, March 14 (6.45 for 7.30). 
Applications for tickets (price 15s.) may still be 
made. As, however, the plan of the seating 
arrangements is now far advanced, and the remain- 
ing space is limited, special positions can no longer 
be allotted. 


Public Lighting Section: Meeting on March 17. 

The attention of members is drawn to a special 
meeting of the Public Lighting Section on March 17, 
when Mr. F. X. Algar (Public Lighting Engineer to 
the Electricity Supply Board, I.F.S.) will read a paper 
dealing with recent progress in street lighting in 
Dublin. The meeting will take place at the E.L.M.A. 
Lighting Service Bureau, 2, Savoy Hill, London, W.C. 
(6.30 for 7 p.m.). 


Photometry Section: Meeting on April 4. 

The meeting of the Photometry Section, to take 
place at the E.L.M.A. Lighting Service Bureau, on 
the evening of Tuesday, April 4 (6.30 for 7 p.m.), has 
now been allotted to an address on Visibility Meters, 
to be delivered by Mr. C. Dunbar, M.Sc. 


Programme for Next Session. 

Arrangements are already being initiated for the 
1939-40 session, and the hon. secretary will be glad 
to receive suggestions or offers of papers from mem- 
bers either for general or sectional meetings. 

Committees of Special Sections and Local Centres 
are reminded of the expediency of preparing at least 
a skeleton programme by May next, in which month 
a meeting of secretaries of Local Centres for the 
allocation of dates of meetings to take place in Lon- 
don will be held. 


Conference of Chairmen of Local Centres. 

A new departure this year is the arrangement of a 
Conference of Chairmen of Local Centres, who have 
been specially invited to attend the annual dinner, to 
take place at 32, Victoria-street, London, on March 
15 at 11 am. This meeting will afford an opportun- 
ity of discussing matters of common interest to the 
various local centres. The hon. secretary will be 
glad to receive notice of any such matters which it 
is desired to place on the agenda for the meeting. 








New Applicants for Membership. 
Elections Pending. 

At the general meeting of the Society, held on 
February 14, 1939, the names of the following appli- 
cants for membership were presented for the first 
time:— 


CORPORATE MEMBERS:— 
ee: TR. W. esdcacass The Sun Electrical Co., Ltd., 


118-120, Charing Cross Road, 
Lonpon, W.C.2. 


Carpmael, P. N. ...... 40, New Heston Road, Heston, 
MIDDLESEX. 

Critchley, G. N. ...... 2, Aberdeen Terrace, Black- 
heath, Lonpon, S.E.3. 

a, Is SEs Stasssass nas Foster and Pullen, Lid., Avil 
Works, Crossley Hall, Brap- 
FORD. 

McMillan, C. T. ...... 98, Arodene Road, Lonpon, 
S.W.2. 

le Ce Waterstone, Wood End Green 
Road, Hayes, MIDDLESEx. 

Polden, BiG, sss ssiccexs 28, Roxholme Terrace, 
LEEDS, 7. 

ee AS. 5k Sisicssszpavese South Metropolitan Gas Com- 


pany, 15, Hither Green Lane, 
Lonpon, S.E.13. 


Seriven, We ..occcsvesscc: 94, Gracefield Gardens, Streat- 
ham, Lonpon, S.W.16. 

Willsmer, R. J. ...... Walnut Tree, Roehampton 
Gate, Roehampton, LONDON, 
S.W.15. 

amomes, &. BR... ..600.<3 The Research Laboratories of 


the General Electric Company, 
Wembley, MIDDLESEx. 

ee, Be GR. ss General Electric Co., Ltd., 71, 
Waterloo Street, GLASGow. 


CouUNTRY MEMBERS:— 


Was GP. Tas ssccissetece 129, St. Vincent Place, 
GLASGOW. 

|, i APRS, Aree The British Thomson-Houston 
Co., Ltd. 53, Pitt Stréet, 
GLASGOW. 

cit. tC Eneepe ae Metropolitan Vickers Electri- 
cal Co., Ltd., CARDIFF. 

ASSOCIATES :— 

Se ae : eee 3, King Street, MAIDENHEAD. 

BS Ris TB occscasecce 57, Friars Place Lane, Acton, 
LonpDon, W.3. 

Peewee, Ps 6S 121, High Street, Hanging 


Heaton, Batley, Yorks. 
Elections Completed. 

The names of those announced on January 17, 
which were published in the issue of the “ Transac- 
tions” (Vol. IV., No. 11, p. 20, January, 1939), were 
presented again, and these applicants were formally 
declared members of the Society. 





The Illuminating Engineering Society is not, as a body, responsible for the opinions 








expressed by individual authors or speakers. 


With a view to avoiding possible confusion with other publications, reference to 
these Transactions should be in the form :—‘‘ Trans. Illum. Eng. Soc. (London).”’ 





Printed by the Arcus Press, Lrp., Temple-avenue and Tudor-street, London, E.C.4, England. 
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RESEARCH ON THE PRODUCTION AND UTILISATION 
OF LIGHT 


By H. WARREN 


(Director of Research, The British Thomson-Houston Company, Ltd.) 


Lecture delivered to the Illuminating Engineering Society on the occasion of their visit to the B.T.H. Company’s Research Laboratories 
on February 14, 1939.) . 


This lecture is intended to deal particularly with 
the conducting of research on light sources and their 
applications, and not specifically with lamps, lan- 
terns, and installations. Some of the work referred 
to, particularly in Part II., has arisen so recently that 
it is still in the experimental stages. 

All those who share the credit for the rapid 
advances in the science and art of light production 
and utilisation that have taken place in the last few 
years may properly congratulate themselves upon 
their contribution to the safety, comfort, and enjoy- 
ment of living. In these times, when so many pro- 
ducts of human endeavour are being applied to the 
contrivance of engines of destruction, it is a wel- 
come relief to contemplate a great scientific and 
artistic evolution, the objectives and applications 
of which are to reveal and to beautify, but which 
nevertheless plays a special part in warfare practi- 
cally confined to defensive measures. 

Lighting progress has attracted so much attention 
and engendered such a wealth of technical and 
descriptive utterances and publications that it is not 
easy to present a new aspect to you who are skilled 
in the art. I will endeavour, however, to confine my 
remarks to phases of the subject that appear to have 
escaped over-emphasis, and will direct them particu- 
larly to informing you in regard to certain novel 
work of the laboratories that you will afterwards be 
visiting. 

There are approximately a hundred laboratories in 
this Research Department, conducting the researches 
connected with the whole of the company’s work in 
electrical engineering, but I shall, of course, be select- 
ing for your consideration certain activities of the 
Lamp and Illumination Laboratories. 

The lamp engineer would be happy if he designed 
a device that would convert all the input energy into 
electro-magnetic radiations between the limits 4,000 
and 7,000 A.U. The lantern engineer requires this 
device to have the size, shape, and polar distribution 
characteristics that enable cheap and efficient lan- 
terns to be made so that, with attractive lamps and 
lanterns, the lighting engineer may engage in the 


conflict between perfection and cost, arriving at the 
practical compromise which results eventually in our 
roadways and streets, our factories, restaurants, and 
homes having adequate and acceptable lighting. 


Part 1.—The Production of Light. 


We will first of all consider the task of the lamp 
engineer. That he has had a fair measure of success 
may be illustrated first of all by the fact that (as I 
will show you later) within the last few years new 
high-efficiency lamps have been produced which are 
used for purposes ranging from the lighting of aero- 
dromes to the lignting of mines, and which vary in 
their light characteristics from the gentle radiance 
of a low-pressure mercury vapour tubular lamp in 
the drawing-room to the piercing light of a high- 
pressure mercury vapour lamp producing a million 
candle-power searchlight beam 

I will dwell but briefly on those lamps that give 
light through the incandescence of a filament. Yet, 
when one thinks of the hundreds of millions of these 
lamps that are made annually, and of how they have 
been responsible for the spread of good lighting 
throughout the world, one feels the impulse to go 
over step by step many intriguing points concerning 
the carbon filament, the drawn tungsten filament, the 
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gas-filled lamp, the coiled-coil lamp, and so on. But 
I have time only to mention one feature. 

If one examines the radiation from any of these 
lamps through any of the appropriate instruments— 
the spectroscope, the monochrometer, or the spectro- 
photometer—such as are found in a Lamp and Light- 
ing Research Laboratory, one gets a curve of spectral 
energy distribution as shown in Fig. 1. Whatever 
may be done in the way of gas-filling, different gases, 
different coil shapes, etc., essentially the curve is of 
this character. Several points are of considerable im- 
portance to the lamp and lighting engineers. First, 
the energy output varies from wavelength to wave- 
length in a smooth and continuous manner, and 
secondly it spreads over a range of wavelengths that 
is unnecessarily extended for lighting purposes. 
Thus we have what we require—namely, light of 
every visible wavelength, so that the eye can enjoy 
the full exercise of its functions, but we also have 
what we do not desire, namely, a considerable 
wastage of energy. 


DISCHARGE LAMPs. 

The next chapter is equally well known to you all. 
It is indeed merely an opening chapter in what will 
become a large volume, and may be termed the 
“advent of the practical discharge lamp.” Let us 
again use one of our energy measuring instruments 
and we get a representation (Fig. 2) of the discharge 
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lamp distribution of energy in wavelengths, which 
reveals the fundamental difference between the dis- 
charge lamp and the incandescent lamp. It is that 
the energy is radiated not continuously but in separ- 
ate parcels. With the electric discharge lamp we 
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Fig. 3. Arrangement of work of lamp research and development 
groups. 


have at once solved one problem and created another. 
We have, if we contrive it, or if nature is good to us, 
the possibility of very great efficiencies; that is, if our 
parcels of radiated energy occur in, or can be lured 
into, the visible region. We have, because the energy 
is not continuous over the visible spectrum, the pos- 
sibility of very peculiar colour rendering. 

All this is, I am sure, well appreciated by each mem- 
ber of this exceedingly well-informed society. My 
main objective is not to outline the physics of the 
discharge lamp—now well known—but to show you 
how some of the technical problems arising are 
tackled by a modern Lamp Research Laboratory. 


DISCHARGE LAMP RESEARCH. 


I will show you, first of all, a diagram of the main 
parts of our Lamp Research and Development set up. 
(Fig. 3.) 

The Lamp Research Laboratory has established 
four Lamp Development Groups. _I. and II. are the 
groups where the embryonic ideas are worked on, and 





Fig. 4. Part of the lamp photometry room. 
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where what may be termed advanced research is 
done. These two groups are staffed by physicists 
and engineers and are closely associated with the 
Lamp Photometry Section and the Lamp Life Test, 





Fig. 5. Experimental lamp life test racks. 


certain areas of which are illustrated in Figs. 4 and 5. 
Then we have Lamp Development Group III. In 
this group are exhaust men, lamp technicians, and 
glass blowers, and these are responsible for making 
up the preliminary samples for photometry and life 





Fig. 6. Experimental lamp construction room. 


test. One of the sections of this group is illustrated 
in Fig. 6. It is at this stage that a device first begins 
to look something like a practical lamp. 

We come now to what is perhaps the most import- 
ant link in the chain. We term this the Lamp Devel- 
opment Group IV., and it is the group responsible 
for advanced development. This group, composed 
of engineers and lamp operatives, takes the lamps 
that cannot yet be called finished, practical lamps, 
but which have shown by photometry and life test 
that they may well become so, and works upon them 
on a factory basis, manufacturing eventually at the 
rate of, say, 100 to 200 per week. Because of the large 
number of lamps to be handled this section has its 
own photometric and life test set up. It acts as a 
buffer between the research men and the factory men, 
it meets and deals with teething troubles, is located 





Fig. 7. Lamp Development Laboratory. 


in the lamp factory, but is controlled by the Research 
Laboratory. Fig. 7 shows the Development Labora- 
tory in which this work is done. 

One of the most difficult processes that confronts 
the head of the Research Department and the mana- 
ger of the Factory is the safe, speedy, and economical 
translation of laboratory devices into commercial 
lamps. In our Lamp Development Group IV. we 
have an organisation that I must describe carefully. 
It is not neutral territory—that would suggest a com- 
bat; it is common ground on which are accumulated, 
and may be inspected, data concerning design, 
materials, processes, production shrinkage, life beha- 
viour, manufacturing costs, etc., which are under- 
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standable both to the research man and the factory 
man. 

Lastly, in the Lamp Research Department there is 


the Glass Research Laboratory. This conducts 
another most important phase of our research work. 
Located at Rugby, it co-operates with the lamp 
physicists, the lamp factory, and the glass factory. 

I would like to describe to you some of the labora- 
tory work in a little more detail. 


Lamp PHOTOMETRY. 

Let us take a look for a moment at the lamp photo- 
metry and lamp life test, and we will assume that a 
mercury vapour lamp having a simple arc tube of 
hard glass is under development. Physical measure- 
ments of temperature distribution and of relative 
energy outputs are made, and preliminary photo- 
metric measurements are taken over a range of varia- 
tions of arc tube length and diameter. The necessary 
photometric equipment may interest you, and Fig. 8 
is a diagrammatic representation of this equipment. 
There are, first of all, the bench for horizontal candle- 
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Fig. 8. Diagram of Photometric Equipment. 


power measurement (visual directional standard- 
ising photometer), the 6-ft. integrating sphere and its 
associated optical and instrument bench (visual 
standardising lumen photometer). These enable pre- 
cise information concerning the lumen output and 
candle-power of a lamp to be determined. Then we 
have a 4-ft. cube and optical bench (visual develop- 
ment photometer), which, however, are used mainly 
in connection with repetition photometry required by 
the Life Test Room. 

To show that we are catholic in our tastes as re- 
gards integrating vessels, I may mention that we 
have also a 2 ft. 6 in. rotating cube (rotating inte- 
grator). This is associated with a running up rack and 
its bench, an oven thermostatically controlled up to 
500°C., and a refrigerator working down to —20°C. 


We can, therefore, examine with accuracy the small 
changes of lumen output that may be produced by 
operating the new lamps in positions other than in 
the vertical, for in the rotating cube, without altering 
any electrical or optical condition, we can read the 
lumens for any position of the lamp. The running 
up rack enables us to have a number of lamps pro- 
perly “stabilised” in readiness to be placed in the 
cube without disconnecting their respective operat- 
ing circuits. With the refrigerator and the oven 
we can examine the behaviour of lamps over a wide 
range of temperature. 

The low temperatures are particularly important 
from the point of view of starting, for we must 
remember that many of our discharge lamps operate 
not with permanent gases, but with condensible 
metal vapours, the vapour pressures of which alter 
with temperature, thus affecting the starting voltages 
of the lamps. The high temperatures are mainly 
important in forecasting the behaviour of lamps in 
various types of lantern. Here, again, the rate of 
attaining final operating conditions depends largely 
on the ambient temperature. From separate temper- 
ature tests on lanterns we can, without necessarily 
using the lanterns again, study lamps in the oven 
under lantern-operating conditions. 

Fig. 9 is a photograph of the actual 6 ft. sphere 
equipment which was designed and built at Rugby. 


EXPERIMENTAL LIFE TESTING. 


After preliminary work in the Photometric Room, 
samples of the lamps are passed to the Life Test 
Room. You will see later the room itself, and will 
notice that we have developed a standardised form 
of life test rack which, by means of movable shelves 





Fig. 9. A 6-ft. integrating sphere equipment. 
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and panels, can be made to accommodate any type 
of experimental lamp. Figs. 10 and 11 show respec- 
tively a rack and an individual panel. The panels 
are designed to enable us to measure and adjust, 
whilst the lamp is running, the watts and the operat- 
ing voltages and currents. Another feature of the 
design is that, as far as possible, the whole structure 
has been made fireproof. This is of particular im- 
portance, as we may be dissipating as much as 8 kW. 
in a single rack, and naturally things will warm up. 
In addition, we may be running experimental chokes, 
or, in order to get certain results, we may be over- 





Fig. 10. Experimental lamp life test rack. 


loading chokes, and there is the serious possibility 
that something may ignite. We have so designed 
the racks that, should any of the combustible material 
ignite it can burn itself out without danger. 

The distribution of power in the Life Test Room 
is by an overhead system with sufficient feeders to 
give every required voltage. Certain feeders are re- 
served for D.C., and with others the frequency can 
be varied. In addition, by means of time controlled 
switches intermittent running can be obtained. The 


total capacity of the room varies, of course, with the 
types of lamps being tested, but there are at present 
some 500 discharge lamp test sockets and provision 
has been made for expansion. 

With regard to experimental life testing generally, 
we have always considered that field installation 
tests are at least as important as rack life tests. You 
will notice first of all that in the laboratory itself we 
have a number of installations in which lamps serve 
to give useful light in addition to being under con- 
trolled life test. We have, for example, one corridor 
illuminated with 400 watt high pressure mercury 
lamps, another with 60 watt sodium lamps, and an- 
other with low pressure mains voltage tubular 





Fig. 11. Individual panel of the experimental lamp life test 
rack. 


fluorescent lamps. In the laboratory entrance hall 
there is running what to us is a life test of high 
voltage fluorescent tubing and what to the visitor is, 
we hope, a pleasing method of lighting this area. 
Then, a further life testing stage nearer to actual 
customers’ requirements is represented by our instal- 
lations lighting the various roadways and factories 
of the Rugby works. In some cases the lamps in the 
works are installed by the laboratory especially in 
order to obtain test results; in others they are in- 
stalled in the normal way to obtain better lighting. 
In every case, by arrangement with our factory 
engineers, behaviour results are carefully collected. 
Many hundreds of experimental or modified dis- 
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charge lamps are at present under service test in this 
way, and the number is increasing daily. In addition 
to this, we always have hundreds of lamps under 
performance observation in our other factories and 
on various stretches of road throughout the country. 


TESTING MECHANICAL DURABILITY. 


One difference, of course, between a static rack 
life test and a test in a field installation is as regards 
the mechanical shocks that may be met with in the 
latter. Therefore, as part of our development we 
pay very special attention to the interior mounting 
of the lamp and to the way in which it withstands 
vibration. I think I can interest you in this very 
practical matter of the mounting of the arc tube 
within the outer jacket; the problem is not easy, and 
we can claim some experience in the matter, for I 
think we must have tried nearly every possible form 
of mounting. Fig 12 shows a few of the schemes 












































Fig. 12. Various mountings evolved for 400-watt mercury 
electric discharge lamps. 


tried and Fig. 13 depicts the standard construction 


of the present mercury electric discharge lamp. 

Our method of tackling mounting problems which 
arise with each new lamp is briefly as follows:— 

Experimental mountings are first designed and 
made up without outer jackets; they are then studied 
visually in our stroboscopic vibration machine.* In 
this machine the resonant frequencies of the 
mounting as a whole, and of its various parts in- 
dividually, are first found, and the amplitudes and 
destructive effects of these frequencies are studied. 
After suitable modification the mounting is again 
studied complete in its outer jacket. 

The stroboscopic vibration machine consists of a 
platform supported on springs, and there are 
mounted thereon a variable speed motor with an out- 
of-balance flywheel and also means for holding the 





*A detailed description of this will be published shortly. 


lamp. The lamp structure is illuminated by a special 
stroboscopi¢ lamp which has already been demon- 
strated to this Society.* The frequency of flash can 
be adjusted, and is usually run just out of phase with 
the lamp vibration, so that a kind of a “ beat ” effect 
is observed. 

This can be demonstrated with a specially ex- 
aggerated lamp mounting, and you will see that 
distortion of the structure, which is actually occurring 
too rapidly to be observed in the ordinary way, is 
clearly visible for detailed study. 

Having eliminated objectionable features and 
arrived at what appears to be a reasonable form of 
lamp mounting, sample lamps are handed to the Life 
Test Room, which possesses what our men call (for 
want of a better name) the “Ogpu” vibration machine. 

I have had it brought down here for you to see. 
I regret to have to admit that the basis of its design 
was that no agreement could be reached here as to 








Fig. 13. Mounting of 
present-day mercury 
electric discharge lamps. 
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what were the kinds of frequencies most destructive 
in service, so we devised a contraption that included 
them all. It is the offspring of several far more 
scientific and elegant machines that we have built, 
and is in effect a “ rickety ” lamp-post on a “ rackety ” 
foundation. 

We do not fear the destructive influence of any 
commercial installation upon lamps that survive the 
ordeal of the “ Ogpu ” machine. 


QUARTZ ENVELOPE DISCHARGE LAMPS. 


So far I have had in mind the fundamental type of 
modern mercury vapour lamp with which you are all 





*L. J. Davies, “ Practical Electric Discharge Lamps, 
their General Applications and Recent Advances.” Trans. 
LES., Vol. I., No. 4, April, 1936. 
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familiar, for example, the glass arc tube 250 or 400 
watt lamp. I will at this point discuss briefly some 
lamps that are not quite so well known. 

In the course of research that goes on in our Lamp 
Development Group I., physical measurements are 
made on radiation and light output over a whole 
range of pressures and current densities, and in 
association with this certain other lamp forms have 
emerged. Some of these, developed in collaboration 
with our Electric Lamp Manufacturers Association 
friends, are already familiar to you—such as 
the 80 and 125 watt lamps that are made with 
quartz arc tubes and having concentrated arc 
sources. An interesting extension of this type of 
lamp was to carry the arc concentration to extreme 
limits in order to obtain very high brightness suit- 
able for such applications as the projection of cinema 
pictures, signalling and searchlights. Of course, as 
are concentration increases so also do the watts that 
have to be dissipated over a given area, and we can 
either make our envelopes in such a way that they 
can be artificially cooled by means, for example, of 
a flow of water, or we can design them of such a size 
that they will just dissipate the required watts in 
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Linear High Voltage 
Low Current Arc 


Arc Length 12-15 mm 5 mm 

Arc Tube Overall Length 55=65mm 400 mm 

Arc Tube Overall Diameter 6mm - 40mm 
Supply Voltage 600 v 200 V-— 250V 
Arc Tube Voltage 450V-> 480 V 60V —= 70V 
Starting Current 2:5 Amps 40 Amps 
Running Current 135 Amps 9 Amps 


Initial Luminous Efficiency 60 L/W 


45/50 L/w 
Initial Maximum Brightness 33,000 Stilb 


20,000 Stilb 


Fig. 14. Data concerning water-cooled and air-cooled 
projection lamps. 


free air. We have in this way two classes of what 
may be termed experimental projection lamps—the 
water-cooled and the air-cooled lamps. I do not pro- 
pose to spend much time describing these to you in 
detail, but I have gathered together in Fig. 14 some 
main points of difference. 


DISCHARGE LAMPS FOR COLOURED FILM PROJECTION. 
I would like to dwell for a moment on the colour 
characteristics of these projection lamps, because 
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Fig. 15. Energy output of visible wavelengths for carbon arc, 
water-cooled lamp and air-cooled lamp. 


they vitally concern the possible substitution of the 
lamps for the carbon arc in cinema projectors. We 
turn first for our fundamental data to the spectro- 
photometer, and in Fig. 15 we have the energy out- 
puts at the various visible wavelengths for a carbon 
arc and the water-cooled and air-cooled lamps re- 
spectively, operated under the experimental overload 
conditions shown on the diagram. These energies 
projected through coloured films must be such that 
the resulting colours on the screen are acceptable. 
You will see at first glance that there is a consider- 
able departure in the case of both mercury lamps 
from the carbon arc. 

Those of you who are experienced in looking at 
energy diagrams and associating them with colour 
rendering may perhaps think that colours projected 
by the mercury lamps would be hopeless, but I would 
remind you that coloured projection is not quite the 
same problem as ordinary colour rendering, as the 
film is produced by a three-colour process, and it 
may be that our problems are not sé serious as when 
we consider normal colour rendering with its innu- 
merable varieties of shades. In any case I have 
thought it best to let you see for yourselves what 
these lamps will do, and so I will show you how 
they perform in the projection of coloured films. 
(Demonstration.) 


THE DISCHARGE LAMP IN MINES. 
These projection lamps, as I have said, are suitable 
for searchlights, and in elongated forms provide very 
useful aerodrome floodlighting lamps. It is a big 
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stride from the illumination of the wide open spaces 
of an aerodrome as a modern air liner lands, to the 
illumination of a coal face buried thousands of feet 
underground, but this now represents the range of 
applications covered by the ubiquitous mercury 
vapour lamp. I would like at this point to describe 
briefly a new mercury vapour lamp that has been 
developed in these laboratories for use in mines. 

I refer to a 40 watt high-pressure mercury vapour 
lamp with quartz arc tube. This has been designed, 
in co-operation with our friend Mr. E. A. Watson, to 
suit an M.L. compressed air turbo-generator, the 
electrical part of which has been specially modified 
to co-operate with the mercury vapour lamp. The 
generator is manufactured by Messrs. John Davis, of 
Derby. The combination forms a self-contained unit 
which can be coupled to any air main of the requisite 
capacity, and which, owing to its absolute safety, 
enables modern high-efficiency lighting for the first 
time to be brought right up to the coal face. 

A laboratory like ours is called upon to develop 
many things, all of which interest us and some of 
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Fig. 16. Sectional view of miner's generator lamp. 


which give us the satisfaction of something useful 
accomplished. It is not often, however, that we are 
associated with something which, in addition to its 
technical attractiveness, brings the deep satisfaction 
of improving the lighting in an essential sphere of 
human labour which up to now has had to be con- 
tent with light so feeble that the dread nystagmus is 
always possible. 

Fig. 16 shows a sectional view of the lamp and 
generator complete, and Fig. 17 gives some electrical 
and general data. 

I can demonstrate the lamp running. We will first 
of all extinguish all lights so as to imitate the con- 
ditions underground, and we will imagine that this 
black background is the coal face. My colleague now 
approaches with a standard miner’s hand lamp, and 
you can get some idea of the feeble lighting usually 


Lamp Watts. ae 

| Lamp Starting Current ... 0.7 to 0.8 amp. 
Lamp Running Current ... 0.5 amp. approx. 
Arc Voltage Bese .. . 80 to 100. 


Initial Luminous Efficiency... 35 lumens per watt. 
Overall Length s«. 437.0 MM. 
Outside Diameter ... --. 65 mm. 
ri Centre — sas ~ mm. 
3-pin B.C. 


| Otter Bulb Filling... = + atmos. of nitrogen-argon mixture. | 





Fig. 17. Special 40-watt mercury electric discharge lini 
Electrical and general characteristics. 


employed. We now uncover the mercury vapour 
lamp installed at the coal face. (Demonstration.) 
The very greatly increased lighting can be seen and, 
remembering the original miner’s lamp, you can 
easily understand the report that colliers have done 
that amazing thing—walked away from the coal face 
forgetting to take their hand lamps. 


THE DISCHARGE LAMP IN THE PHOTOGRAPHIC STUDIO. 
Let us consider another relatively new applica- 
tion of discharge lamps—this time in the photo- 
graphic studio. They are, of course, used normally 
both in the photographic processing room and in the 
studio. I can show you now an interesting further 
application of the standard 400 watt mercury lamp. 
We have arranged the lamp in a circuit that en- 
ables it to be overloaded momentarily to a consider- 
able extent, and thereby to give a flash of sufficient 
luminous output and sufficiently short duration to 
enable “ flashlight ” photographs to be obtained. We 
have thus a kind of repeatable photoflash lamp. _ 
In practice, the flashing mechanism is synchronised 
with the camera shutter. The ordinary light of the 
lamp serves for the purposes of picture arrangement 
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and focusing. When this has been done the shutter 
key is operated, and this also produces the simultane- 
ous flash. (Demonstration.) 

Sopium Lamps. 

So far, we have not mentioned the sodium lamp 
which, as you all know, is characterised by high 
efficiency and a single-lined spectrum. This type of 
lamp has been in use without apparent change for 
several years, but it should not be assumed that the 
research men have been neglecting it. I have time 
only to mention one item that may interest you. 

In the mercury lamp the amount of mercury is 
such that all of it is evaporated when the lamp 
reaches its correct operating temperature, but in the 
sodium lamp an excess of sodium is used, and at the 
operating temperature a good deal of sodium is 
present in liquid form adhering to the walls of the 
lamp. The distribution of this sodium is to a large 
extent controllable, and is important because it 
affects the lumen output and lumen maintenance of 
the lamp. Fig. 18 shows an example of this. In the 
upper lamp the sodium is distributed more or less 
uniformly, and a lumen maintenance curve as repre- 
sented is obtained. In the lower lamp the sodium 
distribution has been controlled to form in effect two 
reservoirs situated near the cathodes. As a result 
of this an improved maintenance is obtained, as can 
be seen from the upper curve. 

Of course, considerable work is being done on 
the cathodes of these lamps, and also on the sodium 
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Fig. 18. Effect of sodium distribution on lumen output of 
sodium lamp. 
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resistant glass that forms the inner layer of the arc 
tube. One difficulty in all this work is the time 
necessary to run a complete life test. In many cases 
this is from four to six months, and we therefore 
attempt to operate forced life tests, which you will 
see in operation later. 

This particular life test switches the lamps on and 
off in accordance with a cycle arranged so that 25,000 
“ starts ” are obtained in a week. From data collected 
it appears at the moment that, as regards the cathode 
behaviour, 10,000 to 20,000 starts represent the life of 
a sodium lamp, but any method of forced life testing 
needs the most careful correlation with normal life 
tests before results can be accepted without reserve. 


CoLouR CORRECTION. 


Up to now, in dealing with mercury lamps, I have 
considered the straightforward lamps functioning as 
light sources adaptable to various conditions, but 
which have all had the common feature that their 
discontinuous radiation presents a real problem as 
regards colour rendering. As discharge lamps enthu- 
siasts, we cannot rest content until we have made dis- 
charge lamps that are applicable to any kind of use. 
I may anticipate what I am going to say in a moment 
by telling you that we have practically succeeded in 
doing this, for a number of our men have fixed up in 
their homes, even in their drawing rooms, discharge 
lamp illumination. This has been made possible by 
that very important class of substances—synthetic 
fluorescent powders—and also, I may add, by the 
tolerance of our engineers’ wives. 

Even the mercury lamp is not all that we desire as 
regards its efficiency, because it insists on radiating 
some of its energy in the invisible U.V. region. The 
quality of this radiation varies according to the 
method of operation, for at high pressure the bulk of 
the U.V. light is of a wavelength of 3650 A.U., whereas 
at low pressure the bulk of it is of a much shorter 
wavelength, 2537 A.U. In both cases this radiation 
of U.V. light is waste, but for the circumstance that 
it is possible to make these synthetic chemicals, that 
act as frequency changers, which will convert the 
invisible high frequency U.V. radiations into low fre- 
quency visible light. We have ourselves developed 
the necessary luminescent powders. 

These powders have, of course, been successfully 
applied to high-pressure discharge lamps, but owing 
to the good visual efficiency of the high pressure mer- 
cury discharge, the light output from such lumin- 
escently treated lamps is mainly that from the dis- 
charge and not that from the powder. In the low- 
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pressure lamp, however, the visual efficiency is very 
low and the U.V. efficiency high. The net result of 
this is that by using low-pressure lamps we can free 
ourselves entirely from the domination of the charac- 
teristic colours of the mercury vapour lamp and 
obtain virtually any colour we require by using the 
appropriate luminescent powder. 

I can switch on a selection of experimental tubes 
and you can see for yourselves the complete range of 
colours available. Practical lamps are being devel- 
oped using these powders, and I have here a selection 
that will operate on mains voltages. (Demonstration.) 
Externally the lamps are very similar to the familiar 
architectural filament lamps. You will see many 
more of these lamps as you walk around the 
laboratories. 

For some applications a longer lamp having a lower 
brightness is desirable, and by using high voltage 
transformers it is possible to employ lamps of almost 
any length. In practice lamps are seldom made 
longer than 9 ft. to 15 ft., and they are operated in 
series to obtain desired long lengths. I will show you 
the beautiful soft lighting of delicate colours that can 
be obtained by using these lamps by switching on a 
sufficient quantity to illuminate this lecture platform. 

Before leaving the subject of light production I 
should like to show you an experiment with one of 
our special luminescent powders. 

A characteristic of these powders is their phosphor- 
escence or afterglow. In many cases this property 
is advantageous, although in some applications, such 
as for television cathode ray tubes, we have to ensure 
that afterglow is minimised. 

In the phenomenon of phosphorescence we have 
in effect the storage of energy by the powder and 
the ultimate loss of this energy by emission as light. 
The emission of this stored energy is spread over an 
appreciable time, the intensity of the radiation 
falling off with time until finally the powder reaches 
its original stage of quiescence. It is possible by the 
application of heat to accelerate the energy emission, 
so if one portion of a phosphorescing powder is 
heated, that portion will appear brighter than the 
remainder. Because of this accelerated emission, 
after this heated portion is allowed to cool it appears 
darker than its surroundings. 

I can demonstrate this by means of the experiment 
that my colleague is about to perform. He has a 
large sheet coated with the phosphorescent powder, 
and at the back of the sheet is a heating unit that 
he can switch on at the right moment. Now he will 
illuminate the sheet to energise the phosphor. He 
will now extinguish the light, and you see that the 


sheet glows brightly and uniformly. Now he will 
switch on the heater at the back, and you will see how 
the light emission of the heated areas increases, re- 
vealing a bright outline of a familiar design. 
(Demonstration.) On removing the heater the 
areas whose emission has been accelerated rapidly 
decay in brightness, until the outline disappears and 
then reappears duller than its surroundings. 

Now I must remember that you are not only in- 
terested in light but also in the utilisation of light. 


Part 11.—The Utilisation of Light. 

This laboratory is concerned with the utilisation of 
light for the usual road, industrial, domestic, etc., 
applications, lighting devices for special defence 
purposes, and it specialises also on cinema and 
theatre projection and lighting. Incidentally I may 
mention that it is responsible for the development 
and engineering of the entire electrical and acoustical 
equipment of cinemas and the production of instruc- 
tional talking films for Government departments. 
You will see work in progress ranging from the de- 
velopment of photoelectric and photo-voltaic cells 
to high-power searchlights. 

A diagrammatic representation of the arrangement 
of work in which you are particularly interested is 
the subject of Fig. 19. You will be able to see all of 
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Fig. 19. Arrangement of work on the utilisation of light. 


these sections, except the Illuminating Engineering 
Offices, which are situated in London. Figs. 20, 21, 
and 22 are respectively representative photographs 
of an illumination laboratory, the model construction 
room, and the film studio stage. 


RoaD LIGHTING APPLICATIONS. 
This laboratory, with others, has been actively 
engaged during recent years in studying the many 
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problems associated with good visibility on lighted 
roads. The issue of the Final Report of the M.O.T. 
Committee in August, 1937, focused attention on 
street lighting, and numerous lectures and articles 
have been read and written on the subject during the 
past eighteen months. It is not my intention, there- 
fore, to dwell long to-day on this aspect of our work, 





Fig. 20. Part of the Illumination Laboratory. 


but rather to direct your attention to other relatively 
novel applications of light with which you are 
possibly less familiar. 

But I do not wish to imply that the field of street 
lighting has been explored and all its secrets laid 
bare. The contribution of the lamp engineers in pro- 





Fig. 21. Model Construction Room. 


viding greater quantities of light, and cheaper light, 
increases rather than diminishes the responsibilities 
of those engaged on resultant applications. As 
lighting power is increased, so the effects produced 
must be studied more carefully, and this is particu- 
larly true in street lighting. 

The production of road surface brightness is now 
well understood, and I should like here to refer to 
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Fig. 22. The film studio stage. 


the numerous contributions in this field by our 
friends at the Research Laboratories of the General 
Electric Company, Ltd. 

With the high-intensity light sources available, 
high road brightnesses are now commonly achieved, 
and care has to be taken to see that these high 
brightnesses are not accompanied by excessive glare. 
Our work on this subject indicates that glare in street 
lighting can be reduced appreciably, without detri- 
ment to the actual road brightness, and that the sub- 
jective value of the lighting is, thereby, considerably 
enhanced. 

I could, of course, show you numerous road photo- 
graphs and rows of lanterns, but such things are all 
familiar to you. I might also project for you various 
road lighting films that we have made, but I will 
spare you these also. 

The more careful study of problems of light dis- 
tribution, glare, etc., has called for new instruments 
of greater precision than were previously available 
and we have had to develop several improved 
devices. For example, I may mention the improved 
telebrightness meter, shown in Fig. 23, which has 
been developed by the laboratory, and which you 
will have the opportunity of seeing together with 
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other instruments presently. Fig. 24 indicates the 
principle of operation of the telebrightness meter. 
This apparatus is used for accurate measurements 
of surface brightness in street-lighting installations. 
It is essentially a theodolite in design, and brightness 





Fig. 23. Telebrightness meter. 


measurements are obtained by fading a tiny illu- 
minated comparison mirror into the section of the 
surface viewed through the telescope. Colour filters 
cater for all types of light sources, and the brightness 
of the comparison mirror is varied by means of 
standard neutral density filters and a calibrated iris 
diaphragm. The instrument is capable of measuring 
brightnesses from 0.001 to 100 equivalent foot-candles. 
It is used in the production of standardised photo- 
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Fig. 24. Principle of operation of telebrightness meter. 


graphs and in conjunction with our post-recording 
brightness meter. 

The theodolite is used as such for measuring the 
angular separation of.lanterns in an installation. 


RaDIo INTERFERENCE BY DISCHARGE LAMpPs. 

Illumination engineers are not only interested in 
contriving that lamps shall do what is required of 
them in service, but also in preventing them doing 
objectionable things. One of these latter is inter- 
fering with radio reception, and as it is a matter that 
has not been over-discussed we may devote a few 
words to it here. 

The current through a discharge lamp is discon- 
tinuous as compared with the current which flows 
through the wire circuit of a filament lamp on A.C. 
This discontinuity of current is brought about by 
the extinction of the arc for a small fraction of a 
second during each half cycle. 


Dependent upon voltage, gas pressure, and associ- 
ated circuit characteristics, the voltage or current 
wave-form produced may be extremely steep fronted. 
resembling saw-tooth form. The reaction of the 
circuit to this rapid interruption of the current 
usually results in short lived oscillations resembling 
the highly damped train of waves produced by a 
spark transmitter. In fact, as is well known, the arc 
was extensively used before the advent of the ther- 
mionic valve as a high frequency generator for com- 
munication purposes. 

It is not surprising, therefore, that the arc pro- 
duced, particularly in a high voltage iamp, is capable 
of causing interference with broadcast reception 
unless suitable precautions are taken. Some low 
voltage lamps can also generate interference, pro- 
ducing voltages in the mains network to which they 
are connected. 

The disturbance may either be radiated directly 
from the exposed lighting circuit on to nearby receiv- 
ing aerials, or be conveyed by the mains network 
over some distance where it may be induced into 
broadcast receivers connected to the system. 

Fortunately, it is a simple matter to eliminate 
these disturbing effects where necessary, by short- 
circuiting the high frequency components of the dis- 
turbing voltage through small condensers connected 
between the line conductors and earth conductor. It 
may also be necessary to screen the conductors to 
which the lamp is connected. 

As already mentioned, a considerable part of the 
work of the laboratory has been devoted to the 
development of apparatus for the cinema, and many 
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special problems arise in this connection regarding 
the utilisation of light. I will mention a few of the 


more interesting of these. 


CINEMA PROJECTION. 
The development of projector equipment brings 


with it many interesting and sometimes unexpected 
results. We are now projecting from two projectors 


(16 mm. projectors for convenience) identical in all 
respects, with the exception of the design and 
arrangement of the flicker shutters. It will be seen 
that the right-hand screen is brighter than that on 
the left, and it exhibits less flicker. 

The projector illuminating the left-hand side has 
the conventional shutter arrangement shown at the 
top of Fig. 25. The angle of the blade is as small 
as possible, consistent with absence of ghosting, but 
the wave form of the light cut off is rectangular and 
the eye protests at the sharp light changes 

The improved shutter arrangement employed in 
the projector illuminating the right-hand side, and 
indicated below in Fig. 25, gives a gradual cut off and 
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SHUTTER GIVING APPROXIMATELY SINUSOIDAL CUT-OFF 


Fig. 25. Comparison of cinematograph projector shutter 
efficiencies. 


exposure. The wave form of the light cut off is 
approximately sinusoidal and the total light reaching 
the screen is increased by 40 per cent. 

The light intensity required on the cinema screen 
for good projection with present-day films is approxi- 
mately 11 ft.c. Modern cinemas have screens up to 
32 ft. in width, requiring a total light from the pro- 
jector to the screen of 7,000 to 10,000 lumens. A 
problem before the engineers has been to provide 
this quantity of light as efficiently as possible, and 
it is of interest to trace in Fig. 26 the progress in 


light output and efficiency over the past five years. 


Until recent years, the high current condenser 


lantern with the carbon are (column 1) was the 
accepted light source for the large cinema. The 
image of the carbon crater was focused on to the 
gate by a large condenser lens in the lantern, the 
efficiency of the optical system being limited by the 


focal length and diameter of the condenser lens. 
Operating at 100 volts from a motor generator set, 
the overall efficiency was low (as shown), although 
the total light output was the best known at the 
time. 

A word of explanation is necessary when speak- 
ing about the projector lantern light output and 
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Fig. 26. Light outputs and efficiencies of projector lanterns. 


No. |=120 amp. condenser type lantern, MG. set, line volts 100. 
No. 2=50 amp. mirror arc and rectifier, line volts 100. 
No. 3=75 amp. mirror arc and rectifier, line volts 75. 
No 4=2,000 watt E.H.P. projector lamp and rectifier. 


efficiency. The output is taken as the light reaching 
the screen with a given projector and projection lens 
of known aperture and with the flicker shutter of the 
projector running. It takes into account the effici- 
ency of the optical system in the lantern of the 
projector and mains supply unit. The results given 
in the figure are representative of modern practice. 

Column 2 shows the improvement effected by 
changing to the mirror arc lantern with its increased 
light collection angle and correspondingly higher 
efficiency. Here, the light output of the lantern is 
increased by 15 per cent., whilst the current is 
reduced from 120 to 50 amperes. 

Column 3 shows the output and efficiency of a 
lantern, recently placed on the market by this Com- 
pany, in which the light output is increased to 
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6,500 lumens and the efficiency increased to 
0.8 lumens per watt. The lantern operates at 
75 amperes, and the efficiency has been further in- 
creased by matching the operating characteristics of 
the rectifier and lantern. The line voltage is 60 volts, 
the arc operating at 45 volts. 

Column 4 shows the results of some very recent 
work using extra high pressure quartz envelope 
mercury lamps for cinema projection. The light 
output is approximately half that of the latest type 
of carbon arc, but the overall efficiency has been im- 
proved to approximately 1 lumen per watt. This 
development is still really in the laboratory stage, 
but I will show you a black-and-white film and a 
coloured film projected with the new lamp. Projec- 
tion of black-and-white films is very satisfactory—the 
blacks appearing denser than with the normal arcs. 
With colour correction, certain coloured films can 
be projected with satisfactory results, but here we 
have to be very careful that we do not handicap the 
progress of the coloured film by a too precipitate 
introduction of a light source well known normally 
to present colour difficulties. We may reconsider 
momentarily the comparison of the spectrum of the 
are with the spectra of the uncorrected water-cooled 
and air-cooled projector lamps shown in Fig. 15. 

Let us now see a demonstration of black-and-white 
and coloured film projection with the discharge lamp 
light source. 


CoLoureED “ SURROUNDS.” 

The introduction of the coloured film has focused 
interest once again on the feasibility of a coloured 
surround for the cinema screen. It has long been 
recognised that the black surround—now universally 
accepted through long acquaintance—is not the ideal 
setting for the cinematograph picture, but the practi- 
cal difficulties of providing a surround of the correct 
colour and intensity and the advantage of masking 
the unsteady edge of the projected picture have re- 
sulted in the retention of the black surround. 

Picture steadiness has improved greatly in recent 
years, and this, together with the demand for “ true 
colour rendering” of colour films, has favoured re- 
consideration of the practical aspects of the coloured 
surround. 

Our own activity in this development was inspired 
by the enthusiasm and confidence of Mr. Jympson 
Harman concerning this advance in coloured film 
projection and by the active interest of Mr. Oscar 
Deutsch, who permitted and encouraged preliminary 


experiments some time ago in one of his London 
cinemas, the Odeon, Leicester-square. 


Let us first state what arguments there are against 
the black surround. A black surround is unusual in 
real life, and occurs only when the observer is look- 
ing at a bright scene through a window in a darkened 
room. The image on the screen, therefore, is un- 
natural, and always appears to lie beyond the screen 
frame. The black surround seems to make colours in 
coloured films appear unnaturally bright by contrast, 
and the greys in black-and-white films are adversely 
affected. 


Here is a simple experiment demonstrating an 
efiect of the surround. The grey square on the black 
background is the same shade as the square on the 
white background—although it looks much lighter 
by contrast with its background. (Demonstration.) 


We have also a board, the upper half of which is 
black and the lower half is white. On the black por- 
tion there is a horizontal row of squares of paper 
shaded respectively from light grey on the left to 
deep grey on the right. On the white portion of the 
board there is a single square of paper corresponding 
in shade to one of the others. The problem is to decide 
which of the several shades on the black back- 
ground corresponds to the single shade on the white 
background. Opinions differ considerably, but in 
general it is clear, of course, that the shades on the 
black background appear lighter by contrast. 


In the coloured surround on which we are working, 
the colour and intensity of the surround vary with 
the picture. The colour is the average of the colour 
in the picture, and the intensity is proportional to the 
average screen brightness. The control is automatic, 
effecting changes almost imperceptibly and scene by 
scene as the picture changes. The eye is very critical, 
and demands careful matching of the surround with 
the picture, and surreunds of fixed or manually vari- 
able colour detract from, rather than enhance, the 
projection. The particular system I am using for de- 
monstration is an entirely optical one in which the 
average colour of the picture is dispersed upon the 
white surround. 


When the coloured film is projected in the coloured 
surround you will notice the changing colour and 
intensity on the surround, the improved appearance 
of the colours in the picture, and a slight stereoscopic 
effect. (Demonstration.) The eye-strain experienced 
after long periods of viewing is reduced in the absence 
of the black surround. The black-and-white picture is 
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improved by a surround of varying shade, and the 
picture appears larger. 

We will now project a coloured film and a black- 
and-white film with the varying surround in each 
case. (Demonstration.) 


THYRATRON DIMMERS. 

Our experiments with coloured surrounds have 
lead us to consider the possibility of controlling also 
the auditorium lighting from the film projector. Con- 
tinuing the suggestion that a black surround is un- 
natural, we are lead to inquire whether the subdued 
illumination in the hall should be related to the 
brightness and colour of the projected picture. 

Difficulties in the way of achieving this result lay 
in obtaining sufficient light for the projected picture 
and an automatic control of the auditorium lighting 
that is sufficiently delicate and smooth in operation. 
With a modern high-intensity projector lantern and a 
medium-sized screen there is now, however, more 
than sufficient light for projection, and the thyratron 
dimmer provides the smooth control we need for the 
auditorium lighting. 

Fig. 27 is a diagrammatic representation of the 
apparatus as it might be set up, and it shows the 
principles of the scheme. The picture on the screen 
is imaged on to the photo sensitive cell by a lens; the 
cell operating through the amplifier controls the grid 


potential of the thyratron, which in turn controls, 
through the medium of the saturable reactor, the 
current in the lamp circuit. 

We will now demonstrate the control of auditorium 
lighting by the brightness of the projected picture. 
(Demonstration.) 


MISCELLANEOUS LIGHT PROBLEMS. 

There are, of course, many quite special optical and 
illumination problems encountered in a general 
research laboratory such as this. For example, there 
have been the light control problems connected with 
our reducing printers, the animation camera, and the 
studio illumination in the film laboratories. You will 
be able to see for yourselves the arrangements 
adopted. 

We are actively engaged upon large screen tele- 
vision picture projection for cinemas, and in this work 
all the complex mechanical, electrical, electronic, 
luminescence, and optical developments are objective 
largely to the attainment of enhanced picture bright- 
ness. 

An important part of cathode ray tube development 
for domestic television reception is the improvement 
of picture colour, contrast, etc.; that is, control of the 
light output characteristics of the fluorescent screens. 

I have not been able to detail any of our work on 
automobile, ultra-violet, stroboscopic, flashing or 
signalling lamps, or our work on lamps with standard 
spectral characteristics for scientific purposes, or 
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Fig. 27. Schematic diagram of light control from cinematograph picture. 
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work on luminescent powder development. I have, 
however, taken you into our confidence in respect of 
such things as my time and your patience allow, and 
you are welcome to ask my colleagues, who are here, 
for further information concerning any matters of 
special interest to you. 


NOTES ON RECENT 
MEETINGS AND EVENTS 


General Meeting in London. 

A meeting of the Society was held in the Lecture 
Theatre of the Institution of Mechanical Engineers, 
Westminster, S.W.1, on Tuesday, March 7. The chair 
was taken by the President (Mr. Percy Good) at 
7 p.m. 

The minutes of the last meeting were taken as 
read, and the Hon. Secretary mentioned that lists of 
new applicants for membership and of formally 
declared members were available for inspection. 

The President then called upon Mr. R. F. Taylor 
and Mr. K. Cheesman to present two addresses on 
“Some Uses of Glass in Illumination,” which were 
illustrated by lantern slides and demonstrations. 
Specimens of different types of plate glass with vary- 
ing qualities of diffusion were exhibited, and the 
application of such novelties as the recently intro- 
duced glass bricks to various types of buildings was 
illustrated. On the motion of the President a vote of 
thanks was accorded to the authors, after which ques- 
tions were put to the authors by Dr. W. M. Hampton, 
Mr. J.S, Dow, Mr. J. A. Prowse, Mr. S. S. Beggs. The 
President, in winding up the discussion, pointed out 
the opportunities for further co-operation between 
those concerned in glass manufacture and those re- 
sponsible for the design of lighting installations. 


Other Meetings. 

At a meeting of the Decorative Lighting Section in 
London on February 28 a very informative paper, 
illustrated by numerous lantern slides of modern in- 
stallations, was read by Mr. T. P. Bennett on “ The 
Lighting of the Modern Cinema.” Mr. J. S. Dow 
opened the discussion, in the course of which many 
interesting —* were raised, notably in connection 
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with the lighting of cinema auditoriums. Mr. A. W. 
Beuttell, Chairman of the Section, presided. 

On February 15 a meeting of the Glasgow Local 
Centre was held. Mr. J. Galloway read a paper on 
“ The New Factory Act and Factory Lighting,” in the 
course of which the proposals in the recently issued 
Report of the Departmental Committee on Lighting 
in Factories was discussed, and an interesting survey 
of the various legislative measures leading up to the 
Factory Act of 1938 was given. 

At a meeting of the North Western Local Centre 
in Manchester on March 15 Mr. L. M. Tye and Mr. H. 
Elder opened a discussion on “ Lighting and Archi- 
tecture.” 

On March 10 the Midland Centre held an informal 
dinner and social evening in Birmingham, to which 
the President (Mr. Percy Good) and the Hon. Secre- 
tary (Mr. J.S. Dow) were invited. 


Applications for Membership. 
Elections Pending. 

At the general meeting held on March 7 the names 
of the following applicants for membership were 
presented for the first time:— 

SUSTAINING MEMBER : — 
The County of Lon- 
don Electric Supply 


1 * eee ete County House, 45-47, New 
Broad Street, Lonpon, E.C.2. 


Representative ........... -Mr. Cyril A. Gregory. 
COUNTRY MEMBER :— 
Sutton, C. A. ..........“.Burcott House,’ Knowle, 
WARWICKSHIRE. 
ASSOCIATES : — 


Anketell, R. C. -Sf/e Turnbull & Jones, Ltd., 


G.P.O., Box 1669, WELLINGTON, 
New Zealand. 
Swit, W. G. .::...5:...3 365, Harrow View, Harrow, 
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At this meeting the names of those announced on 
February 14, which were published in the issue of 
the Transactions (Vol. IV., No. 2, February, 1939, 
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expressed by individual authors or speakers. 


With a view to avoiding possible confusion with other publications, reference to 
these Transactions should be in the form :—‘‘ Trans. Illum. Eng. Soc. (London).” 


~ Printed by the Arcus Press, Lrp., Temple-avenue ‘and Tudor-street, London, E.C.4, England. 











my 
and 
ira- 
td., 


cal 


the 
led 
ing 
yey 
the 


tre 
hi- 
nal 


ich 
re- 


1eS 
Te 


le, 


id., 
ON, 





THE LIBRARY 


introductory. 


The formation of a nucleus of a collection of 
books on Illumination, Photometry, and other topics 
associated with the application of natural and arti- 
ficial light was commenced in 1936, and in the two 
subsequent years Mr. J. S. Smyth kindly acted 
as honorary librarian and prepared a classified list 
of volumes available. 

The books are now housed in three cupboards at 
32, Victoria-street, London, the offices of the Society, 
where they are open for inspection. (Notice of visits 
is, however, expedient, with a view to avoiding times 
during which the room is in use for committees, etc.) 


Conditions of Borrowing. 

Books may now be borrowed on application 
at 32, Victoria-street, a record of the title 
and reference number of any book removed 
being left in the office. Books may not be 
kept for more than a fortnight, and can be sent by 
post only to members living more than thirty miles 
out of London. Certain books, which could only be 
replaced with extreme difficulty or are subject to 
certain stipulations made by the donors, cannot be 
removed from the library, but are open for in- 
spection only. 


Card Index. 

Two card indexes are provided: one for authors 
and the second for subject matter. Each book has a 
separate card (except with consecutive volumes, 
such as the “ Illuminating Engineer,” all of which are 
entered on one card); this card, in addition to the 
title and author, bears the index number of the book. 
Cross references are given where necessary. A cata- 
logue of books available is appended. 


Acknowledgments. 

It is desired to take this opportunity of thanking all 
those who have assisted in the formation of the 
library by gifts of books and otherwise, and in parti- 
cular the following: Mr. A. W. Beuttell, Mr. D. Chand- 
ler, Mr. J. S. Dow, Mr. J. Eck, Lieut.-Col. Kenelm 
Edgcumbe, Mr. R. N. Le Fevre, Dr. N. A. Halbertsma, 
Mr. E. A. Hilton, Mr. R. A. Hounslow, The Illumina- 
ting Engineering Publishing Company, Ltd., Sir John 
H. Parsons, Pilkington Brothers, Ltd., The Research 
Laboratories of the General Electric Company, Ltd., 
Mr. E. M. Severn, Mr. J. Swarbrick, Mr. A. P. Trotter, 
Dr. J. W. T. Walsh, and Mr. H. C. Weston. 


It is hoped that members of the Society responsible 
for books on illumination and photometry will con- 
tinue to present copies to the library on publication. 


Arrangement of Library. 
The books are divided into twenty-three groups on 
the shelves, as follows: 


Illumination and Equipment. (General.) 

Industrial Lighting. (Including Mines.) 

Architectural Lighting. 

Public and Street Lighting. 

Sign and Advertisement Lighting. 

Stage and Studio Lighting. (Cine and 
Still.) 

Floodlighting. 

Signals and Beacons. 

9. Projection. 

10. Daylight. 

11. Light Sources. (Gas, Electric, and Others.) 

12. Photometry and Photoelectric Cells. 

13. Physical Optics. 

14. Physiological Optics. 

15. Colour. 

16. X-Rays, U.V. Radiation, and Spectroscopy. 

17. Television. 

18. Photography. 

19. Gas Fitting and Supply. 

20. Electric Fitting and Wiring. 

21. Transactions and Research Reports. 

22. Specifications and Regulations. 

23. Miscellaneous. 


SP ah = 


~] 
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Each book is marked with two numbers, the first 
indicating the group upon the shelves and the second 
the number of the book within that group. For ex- 
ample, a book marked 15/7 will be the seventh 
volume in the general group on “ Colour.” 


Catalogue of Books. 


1. IHlumination and Equipment (General). 


SECTION 
No. TrTiz. AUTHOR. DATE. 
1/1 Electric Lighting ... Fontaine, H. ............ 1878 


1/ 2 Electric Photometry 

and Illumination... Bohle, H. ............... 1925 
1/ 3 Modern Illuminants 

and = Illuminating 


Engineering ......... Gaster, L., and Dow, 


1915 

1/ 4 Modern Electric Il 

lumination® <.:...:... Sylvester, C., and 

Ritehile, T.. Beiii..<.. 1927 

1/ 5 Radiation, Light, and 
Illumination ........ Steinmetz, C. P....:..... 1909 
1/ 6 Modern Lighting .... Caldwell, F. C. ......... 1930 

1/ 7 Symposium on Illu- 
MANGRION = i555 260503 Varioas io. wii. 1935 

1/ 8 Text-book of Illu- 
mination §3...2.......: Kunerth, We i. oo8s.:.... 1936 


ane. OO: ne 

















SECTION 


No. 
1/ 9 


1/10 


1/11 


1/12 
1/13 
1/14 
1/15 
1/16 
1/17 
1/18 
1/19 
1/20 
1/21 
1/22 
1/23 
1/24 
1/25 
1/26 


1/27 


1/28 


1/41 


1/42 
1/43 
1/44 
1/45 


TITLE. 
Lighting Calcula- 
EE oie Se isckeucovewe 
Scientific Basis of 
Illuminating En- 
gimeering ............ 
Theory and Design 


of Illuminating En- 
gineering Equip- 
SE Sh eabueeeebicbews- 


Illuminating Engin- 
i ES A a A 
Electric Illuminating 
Engineering 
Litchttechnik .......... 
Lectures on. Illu- 
minating Engineer- 
gt eteeetal gaan 
Lectures on  [llu- 
— Engineer- 
Pee ee Illumination. . 
Light, Photometry, 
and Illumination... 
The Lighting Art 


Practical Ilumina- 
kere 
Illumination and 
Photometry ......... 


Standard Lighting ... 

Electric Lighting ..... 

Illumination, its Dis- 
tribution and 
Measurement. ...... 

The Science of Illu- 
PRNOD SiSicdievece 

Elements of  Illu- 
ne Engin- 

Scientific Iiumina- 
tion 


Modern Electric Il- 
lumination ........... 
High Efficiency Elec- 
tric INuminants and 
ITlumination ......... 
Practical Treatise on 
Electric Lighting ... 
Electric Light ......... 
Illumination and 
Artifficial Lighting 
Light, Radiation, 
and Illumination... 
gps House Light- 
Electric Lighting...... 
Light in Daily Life... 
Electric Illumination, 
ae SPSS RCRA 
Electric Jllumination. 
_ 3 Sseepeteied 
Leuchttechnik 
Light, Photometry, 
and Illuminating 
Engineering ......... 
Library Buildings— 
re and Light- 


The Seta of Light... 
L’Eclairage a Paris.. 
Lighting the Home... 
Public Library 
Lighting, Vol. I. ... 


THE 


AUTHOR. DATE. 
Se SS ae 1934 
NS REE ee 1936 
Jolley, L. B. W., Wal- 

dram, J. M., and 

pi me Se 1930 
Cady and Dates......... 1928 
Barrows, W. E. ......... 1908 
ON eae 1921 
tg. SRR ee RS ee 1911 
. i A eee oe 1911 
| Sen 1912 
Barrows, W. E. ......... 1912 
Luckiesh, M. ........ 1917 
Cravath, J. R., and 

Lansingh, V. R. ..... 1907 
Wickenden, W. E....... 1910 
J OR 6 See 1922 
Franklin, W.S. ......... 1912 
awotter, ALP. ..........0.. 1911 
SNE Eso chocect an tess oss 1912 
a Oe Ae 1921 
Macbeth, Evans, and 

MMM ac dpuxeipacach<os oi 1911 
Horstman, H. C., and 

aoumeay, V. 88. ........ 1916 
Hutchinson, R. W....... 1910 
Gordon, J. E. H., ...... 1884 
Urquhart, J. W. ....... 1880 
RG ee ane ee 1914 
eee 1913 
A SS. ns 1930 
Preece, W. H............. 1883 
St rea an 1939 
WOOD iin 1882-1884 
DOOD. 5505 v0 sakasvas 1882-1884 
Lamimer, O.:.i.6.4....... 1917 
Barrows, W. E. ......... 1938 
Hilton-Smith, R. D,.... 1933 
Irwin, Beatrice ...... 1930 
Marechal, H. ............ 1894 
Ty Se Ree eee 1938 
Hilton-Smith, R. D. ... 1937 


LIBRARY 
SECTION 
No. TITLE. AUTHOR. DaTE. 
1/46 Public Library 
Lighting, Vol. ILI., 
WOME Me boo) cuderoucats Hiltcn-Smith, R. D.... 1938 
1/47 To come 
1/48 Practical Electric 
Illumination and 
Signal - Wiring 
| eres ee SOOM eet aN ee siccen sss. 1939 
2. industrial Lighting. 
2/ 1 Factory Lighting...... Clowell; ©. hii sis... 1913 
2/ 2 Omnibus Lighting 
and Starting ........ Houghton, J. W. ....... 1929 
2/ 3 Works Lighting ...... GE ee eee —_ 
2/ 4 gad Train Light- 
AR er je. Oo 1931 
2/ 5 Electric Shop Win- 
dow Lighting ...... Fletcher, G. K. ......... 1921 
2/ 6 Mine Lighting ..... Whittaker, J. W. ....... 1928 
Sie indiestelal Lighting Benjamin Electric 
tn 28 
2/8 Train Lighting — 
Leitner System ... Leitner, H. ............... 1907 
: 2/ 9 Die Beleuchtung von 
a Per- 
sonenwagen ......... i | 1912 
2/10 Shop Win ved Light- 
EE < ee NT Nib s 5 eh de 509 Sends owe 1933 
3. Architectural Lighting. 
3/ 1. Electricity for Archi- 
BD poss hwcaieae%aes Waghorn, DIE cohen 1930 
3/ 2 Lighting From Con- 
cealed Sources...... SS) ae 1919 
3/ 3 Modern Cinemas . Tee 1936 
4. Public and Street Lighting. 
4/ 1 Public Lighting witth 
! Gas and Electricity Dibdin, W. J. ............ 1902 
' 4/ 2 a Street Light- 
Oe sa sksbbiuatysss Penne | 
4/ 3 Street Lighting Prac- 
CD ian eda Sicds Harrison, W., Haas, 
, and Reed, 
eS ee i Ee ey ait 1930 
4/ 4 Beleuchtung von 
Stadte und Ort- 
| nee rg) ee 1914 
5. Sign and Advertisement Lighting. 
5/ 1 Neon Tube Practice.. eee, W. L. 1933 
SE SES? "be SS aero 1934 
5/ 3 Neon Signs ............. Miller, Ss. C., and Fink, 
hank beatae coeds 1935 
5/ 4 Neon Tube Practice 
(2nd Edition) ...... Schallreuter, W. L 1938 
6. Stage and Studio Lighting. 
6/ 1 Stage Lighting ........ Ridge, C. and 
Aldred, F. s.” suideesta 1935 
6/ 2 Stage Lighting ........ Ridge, Sle tee 1928 
6/ 3 Studio Portrait 
LAgAtING ......6. 00005. ae ; ae 1930 
6/ 4 Lighting for Little 
Theatres ............. AE 8 - a eee 1925 
7. Floodlighting. 
[Reserved for future publications. ] 
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1938 


1939 


1913 
929 


931 


921 
928 


928 
907 


912 
933 


930 


919 
936 


902 
929 
930 


914 


33 
134 


35 
138 


35, 
28 


25 





8. Signals and Beacons. 
SECTION 
No. TITLE. 


8/ 1 Lighthouse Construc- 
rs and Illumina- 


AUTHOR. 


Stevenson, To .i.ci.csic5. 


8/ 2 seanadaans of Inter- 


national Confer- 
ence on_ Light- 
NT Be LY A OPMENT CREE TET 
8/ 3 Automatic Street 
Traffic Lighting ... Harrison, H. H., and 
ye 
8/ 4 Phares et Signaux 
Maritimes .........;. pt See 
9. Projection. 
9/1 Range of Electric 
Searchlight Projec- 
RIE cece sans caseccesvers I ho oeatisalsanecevesvnes 
9/ 2 Modern Picture 
Theatre Projection 
Equipment ......... Jobmeaon, TR. V. i.....<605- 
9/ 3 Modern Bioscope 
I eg cc tccs idan cnsnsensnonsousaseasuawacs 
9/ 4 Cinema Operators 
Handbook ........... Ibbertson, W. S 
10. Daylight. 
10/ 1 Easements of Light, 
Se ess Swartiviek, Fi iiss: 
10/ 2 Easements of Light, 
a. Se eee Swarbrick, J. .........+. 
. 11. Light Sources. 
11/ 1 Development of the 
Incandescent Lamp Barham, G. B. ......... 
11/ 2 
11/ 3 ArcandGlowLamps Maier, J, ...............+ 
11/ 4 en Electric 
raiaeiaareiiexs oS Sl. 
11/ 5 Lighting by Acety- 
ne ae Die aitdaistalenosiwwes via 
11/ 6 Petrol Air Gas ........ Gone, ers cree cad 
11/ 7 Guide Pratique a 
Usager de Acety- 
SE re rr ere rr er errr ne 
SAS’ Be vcassscactestes po.) ae ee 
11/ 9 From the Beginning Loring, H. ............... 
11/10 Projector Carbons .. National Carbon Co.... 
11/11 Incandescent Light- 
EE sc eccacesvcapstes se TERY Soc vscavvadeeses 
11/12 Electric Lamps ...... Sormon, FB. .........0. 
11/13 Electrisches Bogen- 
Rc icanis Ki wamad on tes Birrenbach, H........... 
11/14 Electrische Gasen- 
ladungslampen .... Uyterhoeven, W. ...... 
12. Photometry and Photoelectric Cells. 
12/ 1 Essai D’Optique ..... Bouguer, M. ............ 
18/ 2 Protometris .......... Lambert, i. Hi; ......... 
12/ 3 Treatise on Photo- 
metry spanasstoavas PON Me Siiiiceds cesses. 
12/ 4 Photometrie ' Indus- 
TONE eac5aSagess cues WU Biosci.) vessees 
12/ 5 Praktische Photo- 
MING sass sicdseuncnsens Liebenthal, E. ......... 
12/ 6 Photometry ............ pa a 
12/ 7 Practical Photometry Dibdin, W. J............. 
12/ 8 Photometric Mea- 
PE isc iveess) URRY Wee Te snc csissices 
12/ 9 Elementary Prin- 


ciples of Lighting 


and Photometry .... Walsh, J. W. 


THE 


DATE. 


1880 


1934 
1929 


1925 


1935 


1922 
1908 


1889 
1900 








LIBRARY 
SECTION 
No. TITLE. AUTHOR. DarTE. 
12/10 Photometry ......... Walsh, 2. Woe oo ccicccs 1926 
12/11 The Selenium Cell... Barnard, G. P. ......... 1930 
12/12 Photoelectric Cells.. Campbell, N. P., and 
Ritenie, De os. sis... 1934 
12/13 Lehrbuch der Photo- 
WUE ss ciiicdedescaa' Uppenborn, F., and 
Monash, B. ......... 1913 
13. Physical Optics. 
13/ 1 Traité D’Optique .... Bouguer, M. ............ 1740 
13/ 2 Treatise on Optics... Griffin, W. N. ......... 1842 
TS/S CER: ccs dcsitecsccccccs Parkinson, S. ......... 1870 
13/ 4 Wave Theory of 
LF Se ne [Po Sn. See se 1873 
13/ 5 Optics and Light ... Lommel, E. .........:<. 1880 
ge ae ee 2 Oe 1882 
laf 7 hog yo Optics ...... po Se SS ee 1892 
TS/ GO (GQ ERs vac ccecsccvas Stokes, G. G.. ........: 1892 
13/ 9 The Theory of Light Preston, T. ............... 1895 
13/10 Light, Visible and In- 
ree Thompson, S. P.......... 1910 
13/11 Treatise on Practical 
RAE cacsdesensswoncns CNet Trt osscdihiselinnes 1911 
13/12 ‘Treatise on Light .... Huyghens -powena. 1912 
13/13 Physical Optics ....... WOO. FE. We sscesciccine 1914 
13/14 Treatise on Light .... Houstoun, ¥ i ieee 1915 
13/15 Practical Optics ...... Johnson, | anaes 1922 
13/16 Geometrical Optics .. Percival, 7 Ea) Ean 1913 
13/17 Simplified Method of 
Tracing Rays 
through any Op- 
tical System ........ Silberstein, L. ........... 1918 
14. Physiological Optics. 
14/ 1 Ophthalmic Science 
and Practice ........ Juler, H. E. .............. 1884 
14/ 2 Colour Blindness .... Edridge-Green, F. W. 1909 
14/ 3. Physiological Optics Burch, G. J, ............. 1912 
14/ 4 Year Book of the 
British Optical 
I ooo ics ccnasscs dasetammetcaeaneest scans aenuees 1914 
14/ 5 Artificial Light ........ Luckiosh, My. «......866 1920 
14/ 6 Lighting and Public 
1 ere ee Ee. ee ee 1924 
14/ 7 Lighting Fixtures and 
Lighting Effects .... Luckiesh, M. ............ 1925 
14/ 8 School Vision ......... pe ee eee a 1925 
14/ 9 Light and Health .... Luckiesh, M., and 
J... OP See 1926 
14/10 Proceedings of the 
Optical Society, 
| | St Re RO Len) PMI he Ae Sy 1926 
14/11 Proceedings of the 
Optical Society, 
WE eeoascc ce sechs Meas caeweth van vasuiaciwandekeam 1926 
14/12 Proceedings of the 
Optical Conven- 
WI so oho co x conseeneradcesvcnaubeouaceaede 1912 
14/13 Vision—Discussion On ..........cccccececccecceeseeees 1932 
14/14 Seeing and Human 
ream Leetideh, Meck 1934 
14/15 
14/16 Fatigue de l’Appareil 
WMI ean cccecst ince PRAGUE Ts Scie dyesiesce 1919 
14/17 Year Book of British 
COMGRE MOONEE ...s Sittin manned 1927 
14/18 Physiological Optics, 
i. ee eee Helmholz, H. .....:...... 1924 
14/19 one Optics, 
es ack deel cles Hebnholz, Fi. ...<.:..... 1924 
14/20 Physiological Optics, 
| EVRA eee Helmholz, H, ............ 1924 
14/21 Miners’ Nystagmus... Llewellyn, T. L. ...:.... 1912 
14/22 The Perception of 
LAE cen cetiics aleiss Weight, Wise aici... 1938 








15. Colour. 
SECTION 
No. TITLE. AUTHOR. 
15/ 1 Colour Measurement 
and Mixture ........ Bs rere 
OS ae Church, M. A. ......... 
15/ 3 Modern Chromatics OS, een 
15/ 4 Colour Phenomena .. Lovibond, J. W. 
15/ 5 Light and Colour ... Houstoun, R. corse 
15/ 6 Colour and its Appli- 
RR Luckiesh, M. ............ 
15/ 7 Colour Vision ......... A Se 
15/ 8 Researches in Colour 
er oe ec was dS oe 
15/ 9 Light and Colour 
ER nc ccocantae> Lavine. i rr 
15/10 Coloured Light ...... Klein, st oe ccbuercees 
15/11 Colour Vision ........ a : i 
15/12 Repertoire des Cou- 
SE ES EE ee 
15/13 Colour and Colour 
Reproduction ...... Martin, L. C.,, 
OS i ae 
16. X-Rays, U.V. Radiation, and Spectroscopy. 
16/ 1 The Spectroscope ... Baker, T. T. ............ 
Se Se SR nic dsivaceaeweo’s Broglie, M. de ......... 
16/ 3 Fluorescent Analysis 
in U.V. Light ...... Radley, J. A., and 
| Ee 
16/ 4 Fluorescence and 
Phosphorescence ... Hirschlaff, E. ............ 
17. Television. 
17/ 1 A.B.C. of Television Yates, M. F. ............ 
REF FM ~ 60000000205 Sheldon, H. H. and 
Grisewood, E. N. ... 
17/3 — 
17/ 4 Television Optics .... Myers, L. M. ............ 
17/ 5 Television To-day 
and To-morrow ... Moseley, S. A., and 
Chapple, H. J. B. ... 
18. Photography. 
18/ 1 Picture Play Photo- 
|” ilaeaaetien tesa SOE, Wy: onsdciies 
18/ 2 vietearanhic Photo- 
ila Rega RE OR Dobson, G. M., Griffith, 
I., and Harrison, D. 
18/ 3 Infra Red Photo- 
| SSE ae Rawling, S. O. ......... 
18/ 4 Theory and practice 
of Photography ... Clerc, L. P. ............ 
18/ 5 Colour Cinemato- 
EATS a aes 
19. Gas Fitting and Supply. 
19/ 1 Practical Gas Fitting Grafton, W. .............. 
19/ 2 Town Gas amd Its 
TERRES Webber, W. H. ......... 
19/ 3 Distribution of Gas... Hole, W. .................. 
19/ 4 Gas Supply ............ Webber, W. H. .......... 
19/ 5 Modern Gas Fitting.. =a S.. and Tuft, 
19/ 6 Domestic Utilisation 
of Gas—I. ............ Smith, N. S., and Le 
oo Se aS, 
19/ 7 Domestic Utilisation 
of Gas—II. ........... Smith, N. S., and Le 
i BS Sa 
19/ 8 —— of Gas Light- 
EEE a Chemaer, BP. .is.;.....:. 
19/ 9 maar Stadtishe Gas- 
SUING acd iis iss. Brinkhaus, P............. 
19/10 Das  Gasrohrleger 
and Gaseinrichter.. Kuckuk, F. ............. 
19/11 The Gas Showroom... Wheeler, F. C. ......... 


THE LIBRARY 





20. Fitting and Wiring (Electric). 


SECTION 
DaTE No. TITLE. 
20/ 1 Electric Wiring Dia- 

1881 

1887 eee 

1879 20/ 2 Electric Circuits ...... 

1905 20/ 3 Electric Wiring ........ 

1923 20/ 4 Electric Circuit 

Theory and Calcu- 

1915 BURIED vsivnsinvessaaceces 

1895 20/ 5 Electric Light Fitting 

1913 20/ 6 Electric Estimating... 

20/ 7 Electric Wiring ....... 

1921 20/ 8 Electric Wiring and 

1937 Contracting—Vol I. 

1924 20/ 9 Electric Wiring and 

aren — Vol. 

Cees | fe eee erro 

20/10 Rinsteis Wiring and 
ntracting — 

1923 ee Aileen 
| 20/11 Electric Wiring and 
Contracting — Vol. 

1923 | ; | Peer re 

1925 20/12 Electric Wiring and 
Contracting — Vol. 

1935 20/13 Electric Wiring and 

Contracting — Vol. 

1938 VI. Cocccvecceecccccececes 
20/14 Electric Wiring and 
| yneing — Vol. 

1929 20/15 Sevali Switches and 

their Circuits ....... 

1929 20/16 Practical Electric 

| Light Fitting = 

1936 20/17 Electric Lighting and 
| i Heating [Installa- 
RT ntsc sbivecersc cea 

1930 | 20/18 Electric Wiring of 
bo Buildings ............. 
20/19 Electric Wiring ........ 

1914 20/20 Electric Wiring, Fit- 

tings, Switches, 
and Lamps ........... 

1926 

21. Transactions and 

1936 21/ 1 Commission Inter- 

1937 nationale de 

é l’Eclairage .. 
1937 21/ 2 Vierde Internation- 
‘ | aal Congress von 
Ongevallengenees- 
es cecchisades ss. 

1907 | 21/ 3 Commission Inter- 
| nationale de 

1907 | l’Eclairage .. 

1909 | 21/ 4 Proceedings of Inter- 

1914 national Congress 
on Illumination .... 

1930 | 21/ 5 Commission Inter- 
nationale de 
l’Eclairage .. 

1932 21/ 6 Proceedings of Inter- 
national Illumina- 
tion Congress — 

1932 | WALES sitives factasbein. 
21/ 7 Proceedings of Inter- 

1936 national Illumina- 

tion Congress, Vol. 

1913 DAs savvcnwits cuties <odieovce< 

21/ 8 Commission Inter- 

1909 | nationale de 

1927 =| lEclairage ............ 


AUTHOR. DATE, 
Maycock, W. P.......... 1911 
Maycock, W.P. ...:..... 1911 
AMMO, Ws Msc scaocees 1913 
Maycock, W. P.......... 1913 
i ae. Oe 1914 
ee (re 1925 
Ibbertson, W. S.......... 1920 
NE 5555 cs cucdncvouses 1929 
MCI oasis Sea's bs sck desi vn 1929 
MONEE nas wi. conn danuiescsse 1929 
MERION 65k <, consteccsnssesc 1929 
WPMD bos vcs tess vesevcduas 1929 
CT eer cries 1929 
RN 5 3 oc ssisa wisn tice’ 1929 
Maycock, W. P. ......... 1911 
PAM Ba Ros osc ccasecasy 1923 
BOGE, FRE bons ssascas 1928 
Rane, F.C. .:......... 1930 
Clinton, W. C., and 

Freeman, E. .......... 1928 
Maycock, W. P. ......... 1917 
Reports (General). 

Compte Rendu .......... 1924 
Laesiee hos GIa ee oan anes 1925 
Compte Rendu .......... 1928 
awa Pea Soa tae sik dov Kia KTOaees 1928 
Compte Rendu .......... 1931 
chip pekasicsipdchewceh chwae by vupius 1931 
bddnaeenses DUE US OSsexe 1931 
Compte Rendu .......... 1935 
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1911 
1911 
1913 


1913 
1914 
1925 
1920 


1929 


1929 


1929 


1929 


1929 


1929 


1929 
1911 
1923 


1928 
1930 
928 


924 


925 


928 


928 


931 


131 


31 


35 





THE LIBRARY 


SECTION 
No. TITLE. AUTHOR. DaTE. 
21/ 9 Compte Rendu du 
Congrés Inter- 
nationale des Ap- | 
pareils de |’Eclair- 
I ee nhs cocadabadcedeliee 1937 | 
21/14 Transactions of Gas 
to Engineers, 1914-28 
21/22 
21/25 The Hluminating En- 
to gineer (America), 


21/30 1906-12. 

21/35 The Illuminating En- 
to gineer (England), 

21/62 1908-1935. 

21/63 Light and Lighting, 
to 1936-1938. 

21/65 - 


22. Specifications and Regulations. 
Not yet completed. A set of B.S.I. Specifications is 
available. 


23. Miscellaneous, 


23/ 1 Hawkins  Electriical 
to Oe i Oe OS Pre ne ee ner 1917 
23/10 
23/11 The Telescope ......... as a ieccincddedniedsbecs 1922 
23/12 The Microscope ....... MMMM Ss, cnscscdesserenacese 1921 
23/13 Modern Glass Prac- 
Sa tees BONGIOE. BS. Th. ciccicsscces 1935 


23/14 Centenary Lectures 

—American Gas 

SR areal,” “wiavicrescetuaaasabusowsasasaiaws 1912 
23/15 Faraday Centenary 

Exhibition Cata- 


RRS BR acetic AW i mn tr EE 1931 
23/16 Vector Algebra ........ Silberstein, L, ........... 1919 
23/17 Wissenschaft liche 
VOPOPEID occcenccoveess Helmholz, H. ............ 1871 
23/18 Electrical Tech- 
I coin cvesccnsesiey eo a ee 1932 
23/19 Practical Electricians 
ES NN ei nig coud Citi ts nedhscccedscesewsiss 1939 
23/20 Glass in Architecture 
and Decoration ..... McGrath, R., and 
PPO Gy Secisccsccences 1937 
23/21 Worked Examples for 
Wiremen and Stu- 
Si escctae suk ecw MACS ade ese dvastatescsss 1933 
23/22 The Power Factor 
TOO iskidssiesicvace Amberton, R........00:5. 1934 
23/23 Service Charges in 
Gas and Electric 
EO eee ee Baetik, MB ow ccccesass. 1938 








Formation of Local Sub-Centres. 

A new departure, illustrating the rapid develop- 
ment of the Local Centres of the Society, is the pro- 
posed formation of sub-centres. In certain areas, 
where a sufficient nucleus of local members exists, 
such sub-centres may be formed, with sub-commit- 
tees, operating under the main committee for the 
Local Centre concerned, to arrange for local meet- 
ings. The first sub-centre of this type, with head- 
quarters in Sheffield, has now been formed under 
the North Midland Local Centre. 

The Midland Centre has also in view the formation 
of a sub-centre in the Nottingham area, further par- 
ticulars of which may be announced shortly. 


Applications for Membership. 
Elections Pending 
At the general meeting on April 18 the names of 
the following applicants for membership were pre- 
sented for the first time :— 
SUSTAINING MEMBER : — 


Edmundsons_ Electri- 
city Corporation, 


EY cds hacer seen Thames House, Millbank, 

Lonpon, S.W.1. 
Representative .......... Mr. A. H. Young. 
CORPORATE MEMBERS : — 

Barnes, ©. Vie cseus 205, Limpsfield Road, Sander- 
stead, SURREY. 

Barrett. H. G. .....72a, Waterloo Street, GtLas- 
Gow. 

Burke, W. ds cisco. 8, Dudley Road. Harrow, 
MIppx. 

Bullock: H. C. ....:. 32, Fern Road, Erdington, Bir- 
MINGHAM. 

Cooper, D. L. ...... 1, Leaf Square, Pendleton, 
SALFORD. 

io aa Sree Gas Works, KIRKINTILLOCH. 

io) ere ee 17, Thorn Lane, Gledhow 
Lane, LEEDS 8 

Guyett. O. &.-..<... The Nook, Clifton Avenue, 
South Benfleet, EssEex. 

Hartley, W. ..sscscae 31, Queens Road, Cheadle 


Hulme, CHESHIRE. 
Hawthomthwaite, 
D. 31, Torrs Road, Harrogate. 
Hems, E. R. ........Millicent Woods, Birmingham 
Road, Allesby, nr. COVENTRY. 


aT 58, Du Cane Court, Balham, 
Lonpon, S.W.17. 


COUNTRY MEMBERS :— 


TM Ge os ccncvavace 21, Ladbrook Road, Solihull, 
BIRMINGHAM. 

Green, Woke. ...is.03 15, Frankley Avenue, BiIrR- 
MINGHAM 32. 

Hughes, S. O. ...... Physics Department, Univer- 
sity of Otago, Dunedin, New 
ZEALAND. 


McCulloch, J.S. ...c/o R. W. Gregory & Partner, 
Pilgrim House, Pilgrim Street, 
NEWCASTLE-UPON-TYNE. 
Pashler, A. J. P. ...9, Leopold Avenue, Hands- 
worth Wood, BIRMINGHAM. 
-Chalvington, Barnham, Bognor 
Regis, SUSSEX. 
Rover. F. Hi. ......... 47, Highfield Lane, Quinton, 
BIRMINGHAM 32. 


Picknell, E. G. .... 


Elections Completed 

At this meeting the names of those announced on 
March 7, which were published in the issue of 
“ Transactions ” (Vol. IV., No. 3, March, 1939, p. 52), 
were presented again, and these applicants were 
formally declared members of the Society. 





Spring Binders for Transactions. 
Members are reminded that Spring Binders, to 
contain the “ Transactions,” can be obtained at the 
price of Two Shillings and Sixpence each. (Price to 
non-members, Three Shillings and Sixpence each.) 


— 








NOTES ON RECENT MEETINGS AND EVENTS 


General Meeting in London. 

A meeting of the Society was held in the Lecture 
Theatre of the Institution of Mechanical Engineers, 
Westminster, S.W.1, on Tuesday, April 18. The chair 
was taken by the President (Mr. Percy Good) at 7 
p.m. 

The minutes of the last meeting having been taken 
as read, the Hon. Secretary mentioned that lists of 
new applicants for membership and of those now to 
be formally declared members were available for 
inspection. 

The President then called upon Mr. V. J. Francis 
and Mr. G. H. Wilson to present their paper, entitled 
“ Air-cooled High Brightness Mercury Vapour Lamps 
and their Application to Projection,” which was illus- 
trated by lantern slides and demonstrations. On the 
motion of the President a vote of thanks was ac- 
corded to the authors. An interesting discussion 
ensued in which the following took part: Mr. L. J. 
Davies, Mr. J. W. Ryde, Mr. R. Holmes, Mr. S. R. 
Eade, Mr. W. C. Clothier, Mr. J. M. Waldram, Mr. 
J. S. Dow, Mr. J. A. Prowse, Dr. C. J. Milner, and 
Mr. S. Anderson. 


The Annual Dinner. 

The annual dinner, held at the Trocadero Restau- 
rant (London) on March 14, proved once more a very 
successful and popular event. The attendance (over 
350) was a record and kindred institutions were well 
represented amongst the guests of the Society. The 
usual loyal toast having been duly honoured, the 
toast of “The Illuminating Engineering Society ” 
was proposed by Mr. H. Berry (Chairman of Town 
Planning and Building Regulation Committee of the 
London County Council), who congratulated the 
Society on its progress and mentioned several occa- 
sions on which it had co-operated with the L.C.C. on 
problems of mutual interest. The President, in re- 
sponding, referred with approval to the practice of 
the L.C.C. in floodlighting the County Hall, and urged 
that the Houses of Parliament should likewise be 
illuminated. The President reviewed recent progress 
of the Society, especially in connection with Special 
Sections and Local Centres, and referred to the ques- 
tion of “status membership” and the creation of 


“ Fellows,” a matter which had been brought to the 
notice of the Illuminating Engineering Societies in 
Australia and the United States during his recent 
visits to these countries. 

The toast of “The Guests” was proposed by Mr. 
F. C. Smith (Vice-President), who, after referring to 
the presence of representatives of kindred bodies, 
endorsed the President’s welcome to the Chairmen 
of Local Centres, invited to be present as guests of 
the Society for the first time. Mr. Howard Robertson 
(Vice-President of the Royal Institute of British 
Architects) responded. 


Sectional Meetings. 
North Western Local Centre. 

A discussion took place at a meeting in Manchester 
on March 15, when addresses were delivered by Mr. 
H. Elder, speaking from the standpoint of the archi- 
tect, and Mr. L. M. Tye, expressing the viewpoint of 
the illuminating engineer in regard to “ Lighting and 
Architecture.” The former criticised some examples of 
modern lighting and the design of some types of 
fittings of the present day. Mr. Tye urged the need 
for co-operation between the lighting expert and the 
architect, especially in the case of such problems as 
floodlighting and the lighting of churches, and 
emphasised the necessity for consideration of light- 


ing at an early stage in the design of important 
buildings. 


Scottish Local Centre. 

‘On March 15 Mr. A. B. Read gave an address in 
Glasgow on “Louvre Lighting.” Dealing with the 
special problems arising from the use of modern 
sources of light he emphasised the difficulty in secur- 
ing relatively high illuminations without some 
degree of glare. By the aid of numerous illustra- 
tions he explained how the introduction of louvres 
afforded protection in this respect and enabled such 
values of illumination to be attained by direct light- 
ing methods without danger of undue brightness. 





The Illuminating Engineering Society, is not, as a body, responsible for 
the opinions expressed by individual authors or speakers. 


With a view to avoiding possible confusion with other publications, 
reference to these Transactions should be in the form :—Trans. Illum. 
Eng. Soc. (London).”’ 
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AIR-COOLED HIGH BRIGHTNESS MERCURY VAPOUR LAMPS 
AND THEIR APPLICATION TO PROJECTION 


By V. J. FRANCIS, B.Sc., A.R.C.S., F.lnst.P., A.M.1.E.E., and G. H. WILSON, B.Sc. (Eng.), A.M.1.E.E. (Member) 


(Communication from the Staff of the Research Laboratories of the General Electric Company, Ltd., Wembley, England.) 


(Paper read on Tuesday, April 18th, 1939.) 


SUMMARY. 


The paper describes the functions of a projector with 
particular reference to the light sources associated with 
it. It is shown that high brightness is usually the most 
important property of the source. 


After a review of types of source at present used for 
projection, the possible advantages in the use of high 
brightness mercury vapour lamps are discussed and the 
characteristics of practical air-cooled lamps are described. 
Linear and compact source types are shown to be prac- 
ticable, the latter having twenty or more times the 
brightness of the filament of a tungsten projector lamp. 


Details are given of typical optical systems such as 
searchlights, and slide and film projectors, and the 
performance of the new lamps in them. 


I. INTRODUCTION. 


The Projection Problem. 


As generally understood, the projection of light 
implies the accurate control of light flux, and usually 
the concentration of flux into some defined and 
generally small zone. This concentration may serve 
one of three purposes; either it may produce on an 
object a higher illumination than would be possible 
with the bare source alone as with a floodlight or 
searchlight; or it may provide a distant visual in- 
dication as with a signalling projector; or it may 
serve to project a real optical image of an object 
in the projector, as with an optical lantern or film 
projector. 

The light source is an essential and important part 
of any projector, and this paper is concerned with 
new types of source and their performance in typical 
optical systems. 

There has always been a popular opinion that a 
“ point source ” is required for effective projection. 
There are situations in which a source of small 
dimensions is desirable, but it will be shown that 


there are others in which a source of considerable 
dimensions can be used with advantage; there is 
probably no optical system for which a pcint source 
is essential. The confusion may arise from the fact 
that for one reason or another a small source has 
usually a high brightness, and in many projection 
problems high brightness is the most valuable 
characteristic of the source. 

The reason a high source brightness is of primary 
importance in a high precision optical system can 
be most readily appreciated from a consideration of 
its effect on the intensity of the projector. Any pro- 
jection apparatus has an aperture from which the 
light finally emerges. In a floodlight it is the full 
aperture of the mirror by which the light is reflected 
directly into the beam; in a lantern slide projector 
it is the aperture of the image-forming objective lens 
through which the light finally emerges after 
traversing other optical components. The beam 
intensity is the flux per unit solid angle leaving the 
projector, and is equal to the product of the bright- 
ness of the image of the source and its area as formed 
in the final aperture and seen from the object illu- 
minated. The brightness of the image is equal to 
that of the source itself, less the transmission losses 
of the optical system. In shape, the image is fre- 
quently so distorted as to be unrecognisable as an 
image of the source, and it is usually referred to as 
the flashed area (*). 

Since the beam intensity is proportional to the 
flashed area and to its brightness, it follows that 
once the aperture is fully flashed the beam intensity 
depends solely on the source brightness. 

There are types of projector in which it is diffi- 
cult, and sometimes impossible, to flash fully the 
final aperture of the optical system. In such cases 
source size as well as brightness is usually a factor 
of importance, and high brightness which is obtained 
at the expense of size of source is then of little value. 
There are, nevertheless, many instances in which the 
full value of a high brightness source can be realised, 
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and developments in new sources of this type are, 
therefore, of considerable importance. 


Existing Light Sources for Projection. 

Up to the present, the sources commonly used for 
projection have been either tungsten filament lamps 
or various forms of carbon arc. In Table 1 are 
given approximate ranges of brightnesses obtainable 
with a few well-known sources, the specific values 


depending on the life, power, and type of individual 
lamps. 


TABLE 1. 
Approximate brightnesses of known sources. 


Approximate Brightness 








Source (Stilb)* 
Tungsten filament general 
lighting service lamps 100—1 ,000 
Tungsten filament projector 
lamps ... 250—2,000 


Pure carbon arc 10,000—25 ,000 


50,000—100,000 











High intensity carbon arc 





*Candles per sq. cm. 


It is seen that the carbon arc has a brightness 
greatly in excess of that of tungsten filament lamps. 
The inconvenience and complication of the arc, how- 
ever, mean that for many applications the filament 
lamp is used because of its simplicity where a higher 
brightness would be an advantage. There is, there- 
fore, real need for lamps which combine the high 
brightness of the arc with the simplicity of the fila- 
ment lamp. 


ll. AIR COOLED HIGH BRIGHTNESS MERCURY 
VAPOUR LAMPS. 


The possibilities of the high pressure mercury 
vapour} discharge as a light source of high luminous 
efficiency have been realised for many years. In 
1906 and 1907 Kiich and Retschinsky experimented 
with lamps in which the mercury vapour pressure 
was several hundred millimetres(2). Since then, 
until the last six years or so, although many types 
of lamp were proposed using some form of H.P.M.V. 
discharge, no major practical application was made. 
Within the last decade, however, the high luminous 





+ High pressure mercury vapour will be abbreviated as 
H.P.M.V, throughout the paper. 


efficiency of these lamps has been fully appreciated 
and utilised; the general characteristics have been 
frequently described(*) and are now well known. 
But it is only within the last year or two that the 
potentialities of the H.P.M.V. discharge as a high 
brightness source have been realised. During the 
last few years a great deal of work has been done to 
explore the possibilities in this direction, mainly in 
England(*), Germany(5), and Holland(®). This 
work has led to the development of two main classes 
of lamp, the air-cooled and the water-cooled. It is 
now known, moreover, that, at least in the laboratory, 
H.P.M.V. lamps can be made, the brightness of which 
is comparable with that obtainable in any other type 
of lamp or arc. 


Effective Brightness of Source. 

In speaking of the brightness of the column of the 
H.P.M.V. discharge and in comparing it with the 
brightness of the tungsten filament, certain differ- 
ences should be borne in mind. 

In the first place the brightness of the tungsten 
wire is substantially uniform over its surface, 
whereas the H.P.M.V. discharge column is brightest 
in the centre and decreases gradually to zero on 
each side. This can be seen from Fig. 1, in which 
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Fig. |. Variation in brightness across luminous column of 


a 125-watt H.P.M.V. Lamp. 


the brightness distribution across the column of a 
125-watt lamp is shown. It is true that in the 
case of a coiled tungsten filament the same effect is 
also observed, as in the middle of the coil a greater 
proportion of the tungsten area is composed of the 
brighter inside of the coils than at the edges; the 
extent of the effect is, however, less. 

The second difference of importance is that 
tungsten filament lamps, when used for projection 
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purposes, usually have the filaments arranged in the 
form of a grid. Thus, since the bright coils alternate 
with the dark spaces, the average or effective bright- 
ness of a tungsten projector lamp of this type is less 
than the brightness of the wire itself. 

By the term brightness is always meant here the 
maximum brightness, that is to say, in the case of 
the discharge column the brightness measured in the 
centre of the arc, and in the case of the filament 
lamp the brightness of a central area of the coil. The 
maximum brightness will be denoted by B,. The 
average or effective brightness may be taken to be 
about 0.8 of Bu in the case of the H.P.M.V. discharge 
and over 0.9 for the filament coil. 


Possibilities of a High Brightness Mercury Discharge. 

Within the last year or so, general lighting service 
H.P.M.V. lamps of 80-watt and 125-watt rating have 
become available. Although they are usually en- 
closed in internally frosted outer bulbs, so that the 
bright discharge column cannot be seen directly, in 
actual fact the brightness of the column is some 
1,000 so. The fact that such a high brightness is 
obtainable in lamps not specially designed for the 
purpose makes it important to consider what bright- 
ness could be obtained in lamps if they were so de- 
signed. 

The brightness of any surface, e.g., the column of 
a mercury vapour discharge or of a tungsten wire, 
is determined by the amount of energy radiated per 
unit area of that surface in the visible region of the 
spectrum, due account being taken of the varying 
sensitivity of the eye to different wave-lengths. It is 
easier to consider the total energy dissipated from a 
surface (i.e., by radiation, convection, etc.) than the 
energy radiated alone, as the former is merely the 
energy input divided by the surface area. There is 
clearly a close connection in the case of the filament 
lamp between the surface brightness and the energy 
dissipated from the surface, since the brightness of 
the filament of a lamp increases rapidly as the 
current through it is increased. 

In considering the wattage dissipated per unit area 
of the surface of a discharge column, a slight diffi- 
culty arises since the boundary of the discharge is 
by no means definite, as can be seen from Fig. 1. It 
is, however, for this purpose, convenient to consider 
that the boundary of the column occurs where the 
value of the brightness is equal to half the maximum 
value. The watts dissipated per ‘square ‘ceritimetre 
of a surface will be denoted by W,, In Table 2 below 
are shown for three types of H.P.M.V. lamp ‘he <ap- 


proximate dimensions of the arc, the watts dissipated 
per sq.cm. of surface (Wp), and the maximum 
brightness of the column (Bx). 

In calculating the values of W,, no account has 
been taken of the energy lost by radiation from the 
electrodes. The values given here are, therefore, 
somewhat higher than those corresponding to the 
dissipation of energy from the discharge column 
itself. 











TABLE 2. 
Values of W, and B,, for various types of 
HLPLMLV. lamp. 
| ‘ Wattage , a 
| ~~ dissipated | Maximum 
| same som | fda | goth Pumice] oe | 2 
Lamp Type length (to half jofdischarge} Column 3 
(ems.) |brightness)| column (By) D 
| — (W)) (stilb) 
| apo - (watts) = at Boe 
| 400-watt 
General 16 0.6 13 150 11.5 
lighting 
125-wat 
watt | 5 | oss | ss | g00 | 1s 
Quartz 
500-watt 
High 0.5 0.25 1,270 | 20,000 16 
brightness 




















From Table 2 it is seen that, as in the case of 
the tungsten filament, an increase in the energy dis- 
sipated from the surface results in an increase in the 
brightness. 

In Fig. 2 is shown for an extended range the rela- 
tion between the energy dissipated per sq. cm. of 
surface (W,,) and the brightness for both tungsten 
filaments and the H.P.M.V. discharge column. It is 
seen that both follow roughly the same law, but that 
the curve for the H.P.M.V. discharge is continued to 
much higher values of the brightness than that for 
the tungsten filament. This is because an upper 
limit to the wattage that can be radiated from the 
surface of a tungsten wire is set by the rapid increase 
in the rate of evaporation of the tungsten and con- 
sequent shortening of the life of the lamp. Evapora- 
tion from the discharge column of an H.P.M.V. lamp 
is not a factor which limits the brightness obtainable 
and, therefore, very much higher values are possible 
than with tungsten filament lamps. 


‘The Production of a High Brightness Source. 

it is now ciear that to obtain high brightness with 
the H.P.M.V. discharge it is necessary, as with a 
tungsten filament, to dissipate a large amount of 
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Fig. 2. Relation between W, and By for H.P.M.V. 
discharge and for tungsten filaments. 
(1) Tunsten filaments. 


(2) H.P.M.V. discharge. 


energy from a small surface. This object is achieved 
in the case of a tungsten filament by increasing the 
current through it and, as would be expected, this is 
also a method of increasing the energy dissipated 
from the H.P.M.V. column. It is, however, necessary 
to prevent the discharge column from “ spreading ” 
as the current is increased, or even to cause it to con- 
tract. This is done by using a high pressure of 
mercury vapour or by making the envelope which 
encloses the discharge column of narrow bore, or 
both. 

There are other important considerations to be 
taken into account in the design of H.P.M.V. high- 
brightness lamps. Among these are the shape of the 
source and the necessity for providing a motionless 
column. These considerations, combined with the 
high brightness requirements, lead to two main 
types of lamp. 


Practical Forms of Lamp. 

The first type has a long narrow column in which 
the maximum brightness of the source which can 
be obtained is limited by the softening point of the 
material of the envelope. This difficultyhas led to 
the development of water-cooled lamps (°): Without 
artificial cooling, however, the use of quartz for the 
material of the envelope allows a brightness of some 
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1,000 sb. to be obtained in lamps which have several 
hundred hours’ life. 

The second type of air-cooled H.P.M.V. lamp has 
an arc length of only a few millimeters. The 
diameter of the tube is so great compared with the 
are length that the shape of the envelope is usually 
approximately spherical. The watts per cm. of arc 
in this type can be made so much higher than in the 
other type that brightnesses of 10-50,000 sb. can 
easily be obtained even in lamps of quite low watt- 
age rating. 

An example of the linear source type is shown in 
Fig. 3 and an example of the compact source type in 
Fig. 4. 

The properties of these two types of lamp in a 
500-watt rating are compared in Table 3. 


TABLE 3. 
Comparison of 500-watt linear source lamp and 500-watt 
__ Compact source lamp. 





eee ee yee aea. ee? 
| Linear Source Compact Source 
Lamp. Lamp. 
Lamp wattage. 500 watts. 500 watts. 





—|—_—_________— meemetse | 
| | Transformer to |Ordinary supply| 
| Supply voltage. 









































step up to 800V. |voltage 200/260V.. 
| A.C. AC. or D.C. | 
Are voltage (volts). | 420v.—480v. 60v.—75v. | 
Shape and size of | Tubular about | Spherical, about | 
quartz envelope. 8mm. bore. 40mm. diameter. 
Arc length (mm.). 100 5 
Are width (mm.). 
(to half brightness). o ad 
Wattage per cm. of 50 1.000 
arc length (watts). . 
Maximum arc | 1.000 90.000 
brightness (Stilb). . : 
Luminous efficiency | Ee 
i 50 45 to 50 
(lumens per watt). 
sett tc pbhaahihetevibe 
A , 
\pprox. pressure 10 15 
(in atmospheres). 
]—— S$ = _—— —_—___—__ _ — 
Life (hours). | 500 500 





THe LINEAR SouRCcE Lamp. 

500-watt Type.— The lamp shown in Fig. 3 is a 500- 
watt. iamo designed principally for aerodrome flood- 
lighting... It consists of a discharge tube enclosed 
in’a hard glass outer jacket some 60 mm. in 
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diameter. The discharge tube itself is of quartz, 
about 8 mm. bore and 100 mm. long. The considera- 
tions which lead to this particular design are 
dealt with when considering its application on 
page 70. In general construction it is similar to 
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slightly displaced upwards and its axis lies about 
1 mm. above the axis of the quartz envelope. 
1,000-watt Type—Other ratings for this type of 
lamp are possible and the 1,000-watt lamp for ex- 
ample, is similar in construction and characteristics 
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Fig. 3. 500-watt linear H.P.M.V. Lamp. 


the well-known 80-watt and 125-watt quartz lamps 
in that it has an activated electrode at each end 
heated by the discharge only, and an auxiliary elec- 
trode connected through a high resistance to one 
main electrode to assist in starting the discharge. 
The tube contains a restricted quantity of mercury 
and a few millimetres of rare gas to facilitate start- 
ing. 

The lamp is operated on alternating current on the 
secondary of a strayfield transformer which has an 
open circuit voltage of 800 volts; this high voltage is 
necessary both for the purpose of starting the dis- 
charge and also in order to maintain the high run- 
ing voltage of 450 volts which results from the high 
operating pressure. The wattage losses in the gear 
depend to some extent on the design of trans- 
former, the supply voltage, and other factors. An 
approximate figure would be about 10 per cent. of 
the lamp watts, so that the overall efficiency is some 
10 per cent. lower than the lamp efficiency. 

As in the case of nearly all H.P.M.V. lamps, the 
discharge starts with a low voltage across the arc 
and a starting current which is higher than the 
normal running current. The current falls and the 
voltage across the are rises as the mercury vapour 
pressure increases; the normal running conditions 
are reached about two minutes after starting. The 
brightness is then 1,000 sb., and the width of the 
column measured at half brightness 25 mm. Owing 
to the convection currents within the envelope 
enclosing the discharge, the discharge column is 








Fig. 4. 500-watt compact source 
H . lamp. 
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to the 500-watt lamp. The characteristics of these 
two ratings are compared in Table 4. 


TABLE 4. 
Linear Source Lamps, 500-watt and 1,000-watt Ratings. 





























| 500-watt lamp. |1,000-watt lamp. 
Ly Ste up trans- | Step up trans- 
Supply Voltage. tn to | ae to 
ee ae _|__ 800 volts. __2,000 volts 
Arc voltage (volts). 450 1,200 
Overall length (mm.). 250 | 400 
Arc length (mm.). 100 | 220 
Rated maximum arc 1.000 1.000 
brightness (stilb). | a 
Luminous efficiency 0 | 0 
(lumens per watt). S ° 
‘ . = 
Approx. pressure | 
(atmospheres). - | = | 
| Rated life (hours). 500 | 500 | 
4 | 








Colour of Light—For most applications of the 
linear source lamp the colour is not important. In 
actual fact, however, the colour is very similar to 
that of the 80-watt and 125-watt lamps used for 
general lighting service; that is, it has rather more 
red radiation than the 400-watt and 250-watt lamps. 
There is less red in the light from this lamp, however, 
than in that from the compact source lamp. 


THE Compact SOURCE Lamp. 


500-watt Type—The lamp shown in Fig. 4 is an 
example of the compact source type in a 500-watt 
rating. This consists of a quartz inner discharge tube 
mounted in a hard glass tubular outer bulb. The 
quartz inner tube is approximately spherical in shape 
with a diameter of about 40 mm. The arc is 5 mm. 
long. It contains a restricted quantity of mercury 
and a few millimetres of rare gas to assist starting. 

No step-up transformer is necessary in order to 
operate the lamp, and it is connected directly to the 
ordinary supply voltage of 200-260 volts through a 
choke coil. The gear losses may be taken to be some 
10 per cent. of the lamp wattage, the exact figure 
varying according to the design of gear and the cir- 
cuit conditions. 

As in the case of the linear source lamp, starting 
takes place in rare gas and only a very low pressure 
of mercury vapour; about five minutes are needed 
before it is in its final operating condition. The 
maximum brightness of the arc is then about 
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20,000 sb., and the width to half-brightness 2.5 mm. 
The life of this lamp is 500 hours. 

A feature of the construction of the compact source 
lamp in which it differs from the well-known 
H.P.M.V. lamps used for general lighting is the 
special type of electrode system employed. One 
form is shown in Fig. 5. As a result of the 


{ 





Fig. 5. Electrode system of 
500-watt compact source lamp. 


extremely high values of the watts per cm. of 
arc in the compact source lamp, the electrodes 
on which the discharge terminates are held at 
a very high temperature. In consequence, if the 
electrode is provided with a store of thermionically 
active material, as is usual to facilitate starting, this 
active material evaporates rapidly and causes black- 
ening of the envelope. On the other hand, if no 
active material is used at all a high voltage is re- 
quired to start the lamp. The construction used 
avoids both these difficulties by separating the 
electrode on which the discharge starts from that 
on which it runs when in the full operating condi- 
tion(7). In Fig. 5, A is the starting electrode and 
contains active material within the tungsten helix 
shown; B is the running electrode and consists of a 
solid block of tungsten. 

When the discharge starts, the arc terminates on the 
starting electrode since this is thermionically active. 
As the mercury vapour pressure increases, however, 
and the volts per cm. of are increase, the discharge 
finds it easier to terminate on the tungsten electrode 
B, since the arc length is much less. Fig. 6 shows a 
lamp just after it has started when the discharge is 
terminating on the starting electrode and also when 
it is in the fully run-up condition. The transfer from 
the starting to the running electrodes takes place 
automatically at some period during the run up. 

Other Ratings—Compact source lamps of higher 
and lower wattage than 500 watts are being 
developed in the laboratory. In experimental lamps, 
as will be seen below, for any given wattage, a wide 
range of brightness can be obtained by varying the 
arc length. So far as can be estimated at present, 
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practical considerations will probably mean that the 
size of the source will increase with the lamp watt- 
age, so that for lamps of wattage higher than 500 
watts it is likely that the source will be both longer 





(A) Just after starting. (B) In fully run-up condition. 
Fig. 6. Compact source lamp. 


and wider than the dimensions given for the 500-watt 
lamp. 

Factors Affecting Arc Brightness——The brightness 
obtainable in the compact source lamp depends on 
the wattage, the arc length, and the arc voltage. The 
arc voltage for a fixed arc length is determined 
mainly by the pressure in the lamp; the wattage per 
cm. of arc is the major factor in deciding the bright- 
ness, but the pressure also has an effect. In general, 
increase of either watts per cm. of arc or increase of 
pressure results in an increase of brightness. In 
Fig. 7 is shown for 250-watt, 500-watt, and 1,000-watt 
lamps how the brightness varies with are length and 
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ARC LENGTH (mim) 
Fig. 7. Variation of brightness with arc length and wattage. 
(Arc voltage 60-75 volts.) 


lamp wattage, the arc voltage being nearly constant 
at between 60-75 volts. It will be seen that at short arc 
lengths the brightness increases very rapidly, and at 


are lengths of the order of 1 to 2 mm. very high 
values can be obtained(®). 

Theoretical considerations would indeed suggest 
that the upper limit to the brightness obtainable in 
the mercury vapour arc lies far above the values 
mentioned in this paper. 

Colour of Light.—For the projection of coloured 
films and lantern slides the colour of the light is an 
important consideration. It is well known that the 
H.P.M.V. discharge is deficient in red, and to a lesser 
extent in blue. This deficiency is the primary, 
although not the only problem in connection with 
the suitability of these lamps for the projection of 
colour films and slides. The lack of red becomes less 
with increasing pressure and increasing current 
density. Since these two factors are associated with 
increasing brightness, it would be expected that the 
high brightness lamps have a higher proportion of 
red radiation than the general lighting service lamps. 
Fig. 8 gives a rough illustration of how the percentage 
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Fig. 8. Increase in percentage of red in spectrum of #@ 
H.P.M.V. lamp with increasing W). 


of red radiation in the discharge increases as the 
energy dissipated by the discharge increases. In this 
figure the “red ratio”* is plotted against the watts 
radiated per sq. cm. of the discharge. It is seen that 
the proportion of red increases from about 1 per cent. 
in the case of the ordinary 400-watt general lighting 
lamps to 4-5 per cent. in the compact source lamps 
of the type described above. This increase in the 





*The “red ratio” is defined here as the percentage of 
the light transmitted by Wratten filter No. 25. For com- 
parison, the “red ratio” of daylight may be taken to be 
about 15. 


i OE aie 











V. J. FRANCIS AND G. H. WILSON ON 


proportion of red radiation is due partly to a change 
in the relative intensities of the lines, partly to an 
increased amount of continuous radiation at the 
higher pressures, and partly to the radiation from 
the electrodes, which is a greater proportion of the 
total radiation than in lamps with a long arc length. 
In some applications this electrode radiation is com- 
bined with the radiation from the arc in the pro- 
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Fig. 9. 
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Spectra of Mercury Vapour Lamps. 


Low pressure. 

400-watt H.P.M.V. 

500-watt linear source H.P.M.V. 
500-watt compact source H.P.M.V. 
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jected beam. Spectra of the mercury vapour dis- 
charge which illustrate these changes are shown in 
Fig. 9. 

There are numerous methods which can be used to 
improve the colour of the high pressure mercury 
vapour discharge. Unfortunately, one of the most 
efficient of these, namely the use of fluorescent 
powders, cannot be easily adapted to improve the 
colour for projection purposes. This is because the 
fluorescent materials operate efficiently only when 
their temperature is low. It is not easy to arrange 
for fluorescent material to receive and radiate suffi- 
cient light in such a way that it will improve materi- 
ally the colour of a high brightness source, without 
involving at the same time operation at a high tem- 
perature. 

All other methods of improving the colour have 
in common, the fact that they involve some sacri- 
fice in efficiency. Thus, it is well known that the 
addition of certain elements such as cadmium to the 
discharge will increase the amount of red radiated, 
but it necessarily reduces the total amount of light 
and the greater the amount of red radiation 
added in this way, the greater the sacrifice in effici- 
ency. Fig. 10 shows the effect on the spectrum of 
adding cadmium to the discharge in an experimental 
compact source lamp. It can be seen that additional 


lines are added in the blue and one additional line 
in the red part of the spectrum. 

There are other possible methods of modifying the 
colour of the discharge in the compact source 
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Fig. 10. Spectra of experimental compact source lamps. 
A. Mercury. 
B. Mercury and Cadmium. 


lamp(°), e.g., by the presence of an incandescent 
body in the arc stream. Alternatively the colour 
can be modified in the projected beam by the super- 
position of an image of the arc on to a tungsten 
filament(*°). These possibilities are still in the ex- 
perimental stage. 

Operation on Direct Current.—The compact source 
lamp described above is suitable for operation on 
D.C. as well as on AC. circuits. In general it is 
possible to design a lamp of the compact source type 
so that it will operate satisfactorily on both A.C. 
and D.C. In order to obtain the best performance, 
however, it is sometimes necessary to make modifi- 
cations in the electrode system for operation on D.C. 
and to have auxiliary apparatus to assist starting. 

Protection During Operation.—One important con- 
sideration which has to be taken into account in the 
design and application of lamps of the compact 
source type is the possibility of a lamp bursting. The 
500-watt lamp described above operates with an in- 
ternal mercury vapour pressure of some 15 
atmospheres. If a lamp such as this bursts either 
through misuse or any other cause, the pieces of 
the quartz inner may be driven with sufficient 
velocity to fracture the outer bulb and may even 
pierce the outer bulb with sufficient residual 
momentum to cause injury to anyone near. 

The possibility of such a burst becomes greater 
the larger the wattage of the lamp and the higher 
the brightness. In all cases, however, it is to be ex- 
pected that the lamp maker will see that the possi- 
bility of a burst is very remote. Moreover, lamps for 
projection purposes are practically always used in 
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a housing for the purpose of avoiding stray light, 
which serves also as a protection. 

One type of lamp which is being developed experi- 
mentally has a metal casing round the quartz bulb 
instead of the usual glass outer jacket. A glass 
window in the side of the metal case allows a beam 
of light to be emitted. In certain cases, the window 
may itself be a lens which is part of the optical 
system. 


lil. PERFORMANCE OF THE LAMPS IN 
PROJECTORS. 

Once the general principles of design had been 
established, the form of the new lamps could largely 
be based on the requirements of various classes of 
optical system. It is of interest, therefore, to con- 
sider these requirements and the results which can 
be achieved with the lamps so far constructed. 


Pencil Beam Projectors. 

REFLECTOR TyPE.—This class of apparatus includes 
searchlights, signalling lamps and those _ flood- 
lights with which it is desired to obtain a powerful 
narrow beam. The optical system consists usually of 
a paraboloidal reflector, or in small apparatus some- 
times a Mangin mirror, with a light source at the 
focus. Providing the reflector is made with reason- 
able accuracy, light from a source of small dimen- 
sions will be reflected by all parts of the reflector 
surface in directions parallel with its axis. On 
account of the finite size of source, and (usually to 
a less extent) inaccuracies in the reflector, light is 
also reflected in directions making an angle with the 
axis so that a diverging beam is produced. The beam 
intensity is a maximum along the reflector axis and 
decreases on each side of it. The hypothetical 
“parallel beam” is a mathematical abstraction 
which can never be obtained in practice. Such a 
beam has zero divergence and infinite intensity and 
has no meaning. 

The significance of the condition obtaining when 
all parts of the reflector contribute light in direc- 
tions parallel with the axis of the beam is that only 
by an increase in reflector area or source brightness 
can higher maximum intensities be obtained. The 
conception of flashing assists in appreciating this 
fact. In Fig. 11 has been reproduced the appearance 
of the maximum flash obtained with a paraboloidal 
reflector having a grid filament projector lamp at its 
focus, as seen from a distant viewpoint on the axis 
of the beam. The intensity in the direction in which 
this particular flash is seen, will be given by the 
product of the area of flash and its brightness. In 


the tests made, a 12-in. diameter, 6-in focus para- 
boloidal mirror was used with a 500-watt lamp. 
Taking the filament brightness B as 1,000 sb. and 
assuming a mirror transmission T of 85 per cent., 
the calculated maximum intensity, I=BAT, where 
A is the projected area of mirror, is 620,000 candles. 
The measured figure was 450,000 candles, the differ- 





Fig. 11. Appearance from a considerable distance of flashed area 
of paraboloidal mirror with Grid Filament Tungsten source. 


ence being due to the incomplete nature of the flash 
as seen in Fig. 11, the obstruction of the lamp and the 
fact that the brightness of the whole filament is not 
equal to the maximum value used in the calculation. 
If the accuracy of the mirror were sufficiently great 
it would be flashed by a part of a single coil of the 
filament, but the figure shows that with the mirror 
as set and tested, more than one of the separate coils 
contributed to the flash. 

Nevertheless, this is a class of projection appara- 
tus in which the aperture is designed to be flashed 
to the full extent of its area in the direction of the 
beam axis, and it would be expected, therefore, that 
the axial beam intensity would be proportional to the 
lamp brightness. By substituting for the filament 
lamp a compact source lamp having a maximum 
source brightness of 20,000 sb., if the extent of the 
flashed area were the same in both cases, an increase 
in intensity in the ratio of the source brightness 


20,000 
——= 20. 
1,000 


maximum intensity was 12,000,000 candles showing 


would be expected, i.e., The measured 
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an increase of twenty-seven times. The difference 
between the calculated and observed increases is due 
to the fact that the source of the H.P.M.V. lamp is 
wider than a single coil of the tungsten filament, so 
that a greater proportion of the mirror area is flashed. 


The discharge lamp is about two and a half times 
as efficient as the filament lamp and this is approxi- 
mately the ratio of the amounts of light reaching 
the reflector and emerging in the beams when the 
two types of lamp are used. As the ratio of beam 
intensities is twenty-seven times, it follows that the 
beam must be narrower with-the discharge lamp. 
The calculated beam divergences* are approximately 
9 deg. for the filament lamp and 2 deg. for the com- 
pact source lamp. Increasing the divergence by 
moving the light source from the focus decreases the 
flashed area seen along the beam axis and thus the 
maximum intensity. If this process is carried too far 
the maximum intensity will no longer be on the axis 
of the beam and the centre may even be dark. On 
this account, where it is desired to obtain with the 
same mirror a beam having the same maximum in- 
tensity as that produced by the compact source lamp 
but a greater divergence, then clearly a higher 
wattage lamp will be needed having the same bright- 
ness but a greater source size. Alternatively, a 
shorter focus mirror of the same diameter could be 
used with the original lamp. 


The above considerations indicate that when a 
narrow high intensity beam is required for such pur- 
poses as signalling or floodlighting from a consider- 
able range, the compact source lamp and para- 
boloidal mirror provide a convenient means of doing 
this. Such a combination will also provide the type 
of beam required from a small searchlight. 


Lens Type.—The considerations which have been 
applied to reflecting pencil beam projectors apply also 
to those of the lens type when focused for a narrow 
pencil beam and producing a full flash of the lens. 
Frequently, however, a lens type projector of the 
spotlight type is required to give a wide spread, as 
well as a narrow pencil beam, and specially designed 
prismatic lenses as shown in Fig. 12 are now used as 
alternatives to plano-convex lenses in photographic 





*Using the formula for the maximum divergence of the 
beam from a paraboloidal reflector of normal proportions, 
4 = 87 -|- where 4 is the total angular divergence in de- 
grees, 1 the maximum dimension of the source in a plane at 


right angles to the reflector axis and f the focal length of 
the reflector in the same units (14). 


and cinema studios, in order to obtain uniform illu- 
mination over a wide area. 

To produce this increased beam divergence, the 
lamp is moved away from the designed focal point 
towards the lens. When the source is so moved, the 





Fig. 12. Prismatic Lens Spotlight. 


lens will appear only partially flashed with an en- 
larged image of the source and the flashed area will 
appear to move over the surface of the lens as the 
observer moves the position of his eye in the beam. 
As the beam is more diverged by bringing the lamp 
nearer to the lens, the size of the source plays a de- 
creasing part in producing the divergence. For ex- 
ample in Fig. 13, which is a diagrammatic cross sec- 
tion of a typical lens spotlight, with the lamp in the 
diverged beam position, the total beam divergence is 
52° of which that due to the source at A is only 
10°. To produce the same maximum divergence 
a smaller source will need to be moved only slightly 
nearer the lens as shown at B in Fig. 13. The flashed 
area seen in the lens is only an enlarged image of 
the source and will, therefore, be proportional to the 
source size. Thus the intensity of flash will be con- 
stant for sources having a constant product of area 
and brightness and thus the same intensity, over 
quite wide limits, providing that the flash never fills 
the whole lens aperture. This indicates, therefore, 
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Fig. 13. Diagrammatic Cross-Section of Prismatic Lens 
Spotlight in spread position. 


that source brightness is of secondary importance in 
projectors designed to produce only a partial flash. 

In this application the compact source lamp is of 
value on account of the gain in luminous and photo- 
graphic efficiency over that of the tungsten lamp('?). 
For a given wattage input to the lamp the compact 
source lamp will give approximately two and a half 
times the illumination of the tungsten lamp in a 
typical spotlight. In regard to photographic effect, a 
unit equipped with a compact source lamp will give 
about five times the photographic effect on panchro- 
matic emulsion of a unit equipped with a correspond- 
ing wattage of tungsten lamp. 

Reduced Heating in Beam from Mercury Lamps.— 
There is an important advantage of the mercury 
lamp in quite another direction. A high-power 
tungsten spotlight will produce a considerable tem- 
perature rise of objects in the beam. When falling 
on the human face, 2,000 ft.c. of tungsten light will 
produce marked discomfort after a few minutes. With 
a similar spotlight using a compact source lamp it 
was found possible to remain under as much as 6,000 
ft.c. almost indefinitely without discomfort(15). The 
actual temperature rise of the skin surface covered 
with theatrical make-up for various values of illu- 
mination is given in Fig. 14, from which it will be 
seen that the rise with the mercury lamp is about 
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Fig. 14. Temperature rise of skin surface with theatrical make- 
up when illuminated by various sources in lens spotlight. 


1. Tungsten filament (colour temp. 3300° K). 
2. Compact source H.P.M.V. lamp. 


one-quarter of that with the tungsten lamp. Read- 
ing from the curve for the tungsten lamp, it will be 
found that a temperature rise of about 5° C. corre- 
sponds to an illumination of 2,000 ft.c., at which dis- 
comfort is experienced. 

The lower heating in the beam from the mercury 
lamp is explained by the higher luminous efficiency 
of the source, and also by the fact that the heat 
radiation from the lamp comes mainly from the 
quartz bulb and outer envelope, which radiate at a 
low temperature as compared with a tungsten fila- 
ment. Such radiation is of longer wave-length than 
that from the filament and is, therefore, more 
absorbed by the glass lens of the spotlight. 


Lens and Mirror Illuminating Systems. 

Lenses and mirrors are frequently used to produce 
and direct a converging beam of light on to an object 
so as to illuminate it strongly or to pass a large flux 
of light through it. Where the object is small, as in 
the case of a microscope specimen, an image of the 
source or of a flashed lens is formed upon it. Clearly, 
the brightness of the image will be proportional to 
the brightness of the source, so that in this applica- 
tion the full value of a high brightness source will 
be appreciated. In effect, the film projector uses an 
illuminating system of this form, and some other 
applications of it are given on page 75. It is of 
interest to note that with a converging beam of this 
form a complete flash of the lens or mirror will be 
obtained when it is viewed from the image formed. 


Fan Beam Projectors. 

One of the most satisfactory forms of optical system 
for producing a wide fan beam with small vertical 
divergence, such as is needed for floodlighting the 
surface of an aerodrome, is a deep, parabolic trough 
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reflector arranged with its axis horizontal and a line 
source along its focal line. In a practical unit a bank 
of such reflectors is used, as shown in Fig. 15. Each 
individual reflector has a focal length of 3.5 in., a 
vertical opening of 18 in., and a length of 21 in. Until 








Fig. 15. Fan beam, trough mirror aerodrome floodlight. 


recently a 1,000-watt tungsten filament lamp having 
a linear coiled filament and operating at an efficiency 
of 22.5 lumens per watt was used in each reflector, 
producing a maximum intensity on the average of 
just over 200,000 candles. 

It will be appreciated that such an optical system, 
if perfect, will produce on the beam axis a complete 
flash over the vertical height of the reflector for the 
whole 160 mm. length of the filament. In practice, 
the diameter of the filament coil is so small that 
small deviations from linearity and small departures 
from the true parabola in the mirror contour will 
result in some parts of the mirror reflecting light at 
a small angle to the axial plane. For this reason, the 
maximum flash seen in an average mirror from a 
distant viewpoint appears as in Fig. 16. Small 
errors are, in this case, advantageous, for, with a per- 
fect mirror and a straight filament having a diameter 
of 0.87 mm., the vertical divergence would be that 
given by the formula on page 68, viz., 0.5°, and 
this would be insufficient for satisfactory lighting of 


the aerodrome surface. The existence of such errors 
means, however, that in endeavouring to construct 
a linear mercury vapour lamp to give an improved 
performance, the design of the lamp must be con- 
sidered in relation to the accuracy of the reflector. 
Lamp DESIGN IN FAN _ BEAM  PROJECTORS.— 
It will be appreciated from what has been said 
that the maximum intensity of the _ reflector 
system just described can be increased with 
the aid of a more efficient lamp by increasing 





Fig. 16. Appearance, from a considerable distance, of flashed 
area of trough parabolic mirror with 1000w. linear tungsten 
lamp. 
the length, width, or brightness of the source. 
The optimum design of lamp is controlled by 
lamp performance throughout life as well as by 
its performance in the reflector, and factors such as 
the following have to be given consideration. For a 
given voltage across the lamp, the brightness can be 
increased by decreasing the bore of the quartz tube 
in which the arc is formed. This, however, reduces 
the width of the arc, and on account of inaccuracies 
in the reflector contour, the area of flash. On this 
account there is an optimum diameter for the bore 
of the tube. But with a tube of very small internal 
diameter the quartz may operate at too high a tem- 
perature. One consequence of this is that the quartz 
may distort during life so that the arc will no longer 
be linear. Although in such a case the initial per- 
formance of the lamp in the reflector may be satis- 
factory, the intensity will fall during life as the arc 

bows upwards. 

The design of lamp described on page 63 was 
arrived at after a series of intensity measurements 
at long range, with lamps of different form, in pro- 
duction reflectors. Although the maximum bright- 
ness of the arc is no higher than that of the tungsten 
filament, the increase in source width as compared 
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with the filament from 0.87 mm. to 2.5 mm. and in 
overall length from 160 mm. to 200 mm., results in a 
greater flashed area and a greater intensity in the 
direction of the beam axis. Fig. 17 shows the form of 





Fig. 17. Appearance, from a considerable distance, of flashed 
area of trough parabolic mirror with two 500-watt linear H.P.M.V. 
lamps. 


flash obtained with two 500-watt linear H.P.M.V. 
lamps having an aggregate arc length of 200 mm., and 
illustrates the increase of flashed area over that ob- 
tained with the 1,000-watt tungsten lamp as shown 
in Fig. 16. With such lamps, for a given wattage in- 
put, maximum intensity figures 50 per cent. or more 
above those obtainable with tungsten filament lamps 
are secured, and the lamps may be used to increase 
the intensity of a floodlight of given wattage input or 
to decrease the power input to a floodlight of given 
maximum intensity. 

PERFORMANCE OF. 500-waTT AND 1,000-watr Lamps. 
—Since the source length of the 1,000-watt 
lamp is only slightly greater than that of 
two 500-watt lamps, for a given wattage input, 
the maximum flashed area .and beam intensity 
will be closely the same if one 1,000-watt or 
two 500-watt lamps are used in each reflector. 
Their relative merits turn on purely practical 
points Half as many 1,000-watt lamps are re- 
quired as 500-watt lamps in a floodlight of given 
intensity. On the other hand, the starting voltages 
are respectively 2,000 volts and 800 volts and the run- 
ning voltages approximately half these values. 
When the floodlight is erected in a glass fronted hut, 
as is common practice, the lamps and reflectors are 
not enclosed in an electrically protected housing, and 
there is advantage from the point of view of safety 
in the lower voltage. If the mid-point of the lamp 
transformer is earthed, the maximum voltage of the 


- focused by drilling holes 


500-watt lamps on open circuit is only 400 volts above 
earth, and the running voltage some 200 volts. A 
further point in the comparison is that the greater 
number of lamps needed if the 500-watt size is em- 
ployed decreases the amount by which the intensity 
of the floodlight falls when a lamp fails. This is of 
less importance in larger sizes where many lamps 
are used. 

PREFOCUSING ARRANGEMENTS.—This type of 
mercury vapour lamp lends itself to prefocus- 
ing on account of its simple geometrical form. 
If a cylindrical metal cap is attached to each 
end of the outer bulb, the lamp can be pre- 
in the flat ends of 
the caps, co-axial with the quartz inner tube. The 
lamp can then be supported between cone points 
in the holders, one being fixed and the other spring 
loaded. These points are set a distance below the 
focal line of the floodlight equal to the distance of the 
centre-line of the arc above the axis of the quartz 
tube, which, in practice, is approximately 1 mm. This 
prefocusing arrangement results in the automatic 
alignment of the source whenever a lamp is replaced, 
within the desirable limit of accuracy of 0.5 mm. 

PERFORMANCE OF THE COMPLETE FLOODLIGHT.— 
The form of the light distribution of an experi- 
mental 9 kW. floodlight is shown in Fig. 18. 
The horizontal distribution is wide on account of the 
length of the mirrors and it will be noticed that over 
a total angle of about 30° the maximum intensity is 
maintained constant. The vertical curve is interest- 
ing in showing the extra width in the distribution 
from the H.P.M.V. lamps which results in the in- 
tensities beyond about 0.5° from the axis being two 
to three times those of the tungsten floodlight. 

It was thought that as the mercury light is greenish 
in colour, the reflectivity of grass might be higher 
for this than for the light from tungsten lamps 
so that the brightness of the illuminated area would 
be higher for a given illumination. But reflection 
measurements taken by illuminating a grass covered 
area tangentially as with a floodlight and determin- 
ing the grass brightness seen normally gave similar 
values of reflectivity for both tungsten and mercury 
light. 

image Forming Projectors. 

THE LANTERN SLIDE PRoJECTOR.—The optical system 
of the lantern slide projector is typical of many pro- 
jection systems. The details are best understood from 
Fig. 19. 

P’Q’ is an inverted image of the slide PQ formed by 
the objective lens O. By the use of the condenser 
lens C it is possible to provide over a limited angle 
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a uniformly bright background for the slide with a 
source of small dimensions. For this condition to 
obtain, every point on the condenser must appear 
flashed when seen from some point on the effective 
part of the objective. The brightness of the flash 
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Fig. 18. (A) Light distribution from complete 9kW. H.P.M.V. 
lamp floodlight in horizontal plane. 
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BEAM INTENSITY 
Fig. 18. (B) Curve |. Distribution of intensity in vertical 
pa through maximum; linear H P.M.V. 
amp. 


Curve 2. Distribution of intensity in vertical 
plane through maximum; tungsten lamps. 
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Fig. 19. Optical system of lantern slide projector. 


will equal that of the source less the transmission 
loss in the condenser. With this arrangement, as an 
image of the source is formed in the neighbourhood 
of the objective lens O, as seen from the screen the 
aperture of this lens will appear flashed with this 
image. The brightness of the flash will again be 
reduced by the transmission losses in the objective. 

The intensity of the projector is the product of the 
area of flash in the objective and its brightness; and 
when the lens is fully flashed, the intensity (and thus 
the screen illumination) is proportional to the bright- 
ness of the flash and therefore of the source. 

The majority of optical lanterns are used with 
tungsten filament projector lamps. In a well de- 
signed lantern, the image of the source will just cover 
the objective lens so that the flash appears as in 
Fig. 20. 

If a compact source lamp of the same wattage is 
substituted for the filament lamp, on account of the 
smaller dimensions of the source, the objective will 
no longer appear fully flashed. The screen illumina- 
tion is still proportional to the flashed area times its 
brightness; and it follows that, as the whole of the 
source image is formed within the lens, the screen 
illumination will be approximately proportional to 
the light output of the lamps, as in the case of the 
lens spotlight when focused for a spread beam and 
incompletely flashed. Since the luminous efficiency 
of the compact source lamp is about 24 times that of 
a tungsten projector lamp of similiar wattage, the 
gain in illumination is also about 24 times. 

When the compact source lamp is used under the 





Fig. 20. Appearance of flashed area of slide projector 
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conditions described above, the objective lens aper- 
ture is no longer being used to full effect. With an 
optical system equipped with an objective lens of 
smaller aperture than that considered above, the 
whole of the compact source lamp image may still be 
within that aperture. The proportion of the total 
area flashed by the image of the compact source lamp 
would therefore be increased and the gain over tung- 
sten would be correspondingly greater (provided 
that the larger lens was fully flashed by the tungsten 
lamp). In the limiting case where the whole lens 
was flashed by the image of the compact source lamp, 
the increase would be in proportion to the lamp 
brightness. 

There is another advantage, unrelated to source 
brightness and efficiency, which appears to result 
from the use of the compact source lamp. This is 
that an enhanced sharpness of definition appears to 
result. This may be due to the spectral composition 
of the light, which is largely composed of line radia- 
tion, and which may, therefore, decrease chromatic 
aberration either in the objective or in the eye. Such 
visual acuity tests as have been made, however, do 
not support the latter view(!*), although enhanced 
sharpness of definition has frequently been com- 
mented upon in industrial H.P.M.V. lamp installa- 
tions. Other possible explanations are that by 
formation of a small image in the objective it is, in 
effect, stopped down, and that with a small source 
there is less scattering in the image on the slide. 

A large diameter objective can be used more effec- 
tively with a compact source lamp if a shorter focus 
condenser can be employed, so that the magnification 
of the image of the source formed on the objective 
lens and thus the flashed area is increased. Triple 
condensers, as shown in Fig. 21, are available and tests 
have indicated that with a compact source lamp nearly 
double the screen illumination is obtainable if such 
a condenser is substituted for one of the normal type. 
The lamp is necessarily very close to the back com- 
ponent of a condenser of this type, and mechanical 
considerations make any further gain difficult to 
obtain. 

Slide Temperature—From the information given 
on page 13 on heating in the beams from spotlights 





Fig 21. Short focus triple condenser for slide projector. 


using tungsten and mercury lamps, it would be 
expected that the temperature of the slide would be 
lower in a lantern in which a compact source lamp 
was used. In one set of experiments the temperature 
rise at the centre of a slide of medium density after 
an hour’s run with a 1,000-watt tungsten lamp was 
130 C. degs., and with an experimental 250-watt com- 
pact source lamp 30 C. degs. The screen illumination 
was approximately the same in both cases. When 
the mercury lamp is used, therefore, the characteris- 
tic steaming up of a cold slide, which frequently 
happens in a filament lamp lantern, is less likely to 
occur. 

Appearance of the Projected Image.—It has already 
been mentioned that an enhanced sharpness in the 
appearance of the image formed on the screen 
appears to occur when the mercury lamp is used. In 
regard to the apparent colour of the light, this 
appears as blue-white and not unlike that of the high- 
intensity arc. It is considered to be white by most 
observers. 

The results obtained when projecting coloured 
slides are dealt with on page 72. 


THE PHOTOGRAPHIC ENLARGER. 

Photographic enlargers using condenser illumina- 
tion are, in effect, lantern-slide projectors. The above 
considerations will, therefore, apply to projectors 
of this type. The presence of a diffusing screen may 
modify the results. An added advantage of the mer- 
cury lamp in this application results from the speed 
of a bromide emulsion to light from such lamps(?2). 
With a compact source lamp, the photographic effect 
should be about twelve times that obtained when a 
tungsten lamp of corresponding wattage is used. 


THE FILM PROJECTOR. 

The optical system of the film projector does not 
differ in principle from that of the lantern-slide pro- 
jector, but on account of the small size of the film 
to be projected and its proximity to a relatively 
large objective, the arrangement of the components 
is rather different. 

A typical arrangement is shown in Fig. 22. In 
order to obtain as high a screen illumination as pos- 
sible the objective lens O frequently has an aperture 
greater than the width of the film at F. For a given 
throw and image size, greater magnification is re- 
quired than with the lantern-slide projector, and the 
objective lens is, therefore, of shorter focus. It will 
be seen that on account of the relative sizes of film 
and objective lens and the distance between them, 
the image of the source S is formed at or near the 
film itself rather than on the objective lens, 
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Fig. 22. Optical system of film projector. 


Various illuminating systems are used. In Fig. 22 
condenser illumination is illustrated, but similar re- 
sults may be achieved by using an ellipsoidal mirror 
behind the source, or a paraboloidal reflector behind 
the source andalarge-diameter, low-power, singlecon- 
denser in front of it, to concentrate light on to the 
film. With each system, providing the condenser or 
mirror is of sufficient size, the objective lens appears 
fully flashed from the screen, and the projector in- 
tensity and screen illumination are thus propor- 
tional to the source brightness. 

Tests with an experimental compact source lamp 
having an effective brightness of about 26,000 sb. 
in a 14-in. diameter mirror illuminating system gave 
an effective brightness of the flash of the objective 
lens of 15,000 sb., the absorption of the mirror and 
lens and the obstruction of the lamp and its support 
resulting in a transmission of 58 per cent. Using 
a 12 cm. focus objective lens, it was found that the 
diameter of the circular area of lens flashed was 
5.7cm. The measured maximum projector intensity, 
which is the product of flashed lens area and flash 
brightness, i.e., 25.5 x 15,000, was 380,000 candles. 
When the rotating shutter is running, the intensity is 
approximately halved. The values given above are 
those obtained for an axial direction in which the 
flashed area of the lens is a maximum. In the direc- 
tion of the edges of the projected image, the intensity 
is usually lower as the vignetting action of the front 
and back lens components reduces the flashed area 
in these directions. The average intensity has been 
found to be approximately 80 per cent. of the maxi- 
mum, and with the objective considered above, the 
measured average intensity with the shutter run- 
ning was 152,000 candles, and the flux on the screen, 
3,350 lumens.* The throw for which suchan intensity is 
suitable depends on the screen illumination required. 
Values measured in picture houses range from 3 to 
30 ft.c., but 10 ft.c. is considered a good average figure 
for modern practice. Calculation shows that the 
throw at which a projector giving 152,000 candles 
will produce 10 ft.c. is 123 ft. An illumination 
of 3 ft.c. would be produced at a _ throw of 
225 ft. Using a 12 cm. focus objective, the 
size of the projected image at these two throws 
would be 21 ft. 6 in. x 15 ft. 6 in. and 39 ft. 


* Size of film aperture 2.1 cm, x 1.52 cm. 





4 in. x 28 ft. 6 in. respectively. It would, therefore, 
appear from these results that the compact source 
lamp is practicable for long throw projection. As 
the projector intensity and thus the screen illumina- 
tion are proportional to the source brightness, it was 
found, as expected, that a compact source lamp oper- 
ating at 26,000 sb. gave an intensity ten times that of 
a tungsten lamp having an effective brightness of 
2,600 sb. In comparison with a 55 ampere high- 
intensity arc, the compact source lamp gave about 
30 per cent. lower illumination. This would be con- 
sistent with the arc having a mean effective bright- 
ness of 37,000 sb. 

In the smaller projectors for 8, 9.5 and 16 mm, 
films the optical system often approaches more 
nearly that of the lantern slide projector, for with a 
tungsten lamp a light source as large as the film is 
easy to obtain. In this case the condenser C is moved 
close to the film and the source is often moved as 
close to the condenser as the bulb will permit. The 
condenser can then be of much smaller diameter. A 
similar optical system is used for a 35 mm. projector 
using water-cooled mercury lamps('5). 

Tests have shown that using a 500-watt compact 
source lamp in place of a tungsten lamp of similar 
wattage in a 16 mm. film projector, the resulting 
screen illumination is increased in proportion to the 
light output of the lamp, i.e., about 2} times, as was 
the case with the lantern slide projector. Where the 
optical system is designed so that the bulb of the 
tungsten lamp is located close to the condenser lens, 
a longer focus condenser may be required for com- 
pact source lamps having larger bulb diameters. 

Colour Films.—When coloured films or slides are 
projected with a compact source lamp, as would be 
expected from the considerations on page 65 red 
and near red colours are dulled. It is not possible 
to describe the extent of the effect in precise terms, 
but with films processed for daylight or for projec- 
tion with an arc source, e.g., Dufaycolor and Tech- 
nicolor, the view has been expressed by representa- 
tives of the cinema industry that for informal pre- 
sentations where black and white films are usually 
projected and colour films only occasionally, the 
colour distortion is not sufficient to matter. 

Possible ways of correcting the colour have already 
been dealt with on page 66. A series of compari- 
sons was made on Technicolor films by viewing 
adjacent frames, one illuminated by the light from a 
high intensity arc, which may be taken as an approxi- 
mate standard of daylight, and the other by the light 
under test. It was found that the addition of a 
yellowish-red colour filter improved the colour 
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rendering with the compact source lamp, but more 
satisfactory results were obtained when the red ratio 
of the light from the lamp was increased. By the use 
of a filter combined with the methods mentioned 
earlier of increasing the red ratio, very satisfactory 
colour rendering was obtained. The disadvantage 
of the colour filter is the inevitable loss of light by 
absorption. It should be remarked, however, that 
when making comparisons with tungsten lamp pro- 
jectors, a similar absorption must be allowed for as a 
blue filter is required to obtain correct colour render- 
ing when projecting Technicolor or Dufaycolor 
films with tungsten lamps. 

Kodachrome and Agfacolor films are processed 
for projection with the light from tungsten lamps. 
Neither the arc, unless a filter is used, nor the com- 
pact source lamp will, therefore, give satisfactory 
results with this class of film. 


Miscellaneous Applications. 

There are many projection optical systems used 
for the production of high intensity beams in con- 
junction with other apparatus. 

Typical examples are the illumination of the 
specimen in a projection microscope and of the spot 
of light in an oscillograph or sound film recorder. 

In the first case, when high power magnification 
is employed, the exit pupil behind the eye-piece lens 
through which all the light passes is extremely small. 
When projecting the image at high power, very low 
screen illumination therefore results when tungsten 
filament or tungsten are (Pointolite) illumination is 
used. The illuminating system for both substage and 
vertical illumination usually consists of one or more 
condenser lenses producing an image of the source 
or of a flashed lens on the specimen. From this point 
the condenser system appears fully flashed and the 
illumination produced will thus be proportional to 
the source brightness. A compact source lamp 
operating at a brightness of 20,000 sb. would there- 
fore be expected to give about twenty times the illu- 
mination produced on the specimen and in the pro- 
jected image by a tungsten filament projector lamp 
or a Pointolite lamp. Actual tests on a projection 
microscope using a 12 mm. objective and x15 eye- 
piece, and producing a magnification of 200 times, 
showed that the compact source lamp resulted in an 
image illumination twenty-three times that obtained 
with a Pointolite lamp. In this application the mer- 
cury lamp should give better definition than the 
tungsten lamp, as there is less red radiation and 
diffraction would be reduced. 

The optical system of the oscillograph, sound film 


recorder or mirror galvanometer is usually a minia- 
ture of that used in a lantern slide projector. An 
image of the source is produced on the rotating 
mirror of the galvanometer or oscillograph by a con- 
denser lens, and an image of a diaphragm or pointer 
near the condenser is formed on a scale or on a 
moving photographic emulsion. When the final 
image has to be recorded photographically a high 
illumination is usually required, especially if the re- 
lative motion of image and photographic emulsion is 
rapid, causing the exposure time to be short. 

If, as is usually the case, the mirror is of small 
dimensions, it is completely flashed by the image of 
the source formed on it, and the intensity in the pro- 
jected beam is proportional to the source brightness. 
In such a case the use of a compact source lamp will 
give up to twenty times the illumination of a tung- 
sten lamp. 

Similar considerations will apply to all optical 
systems in which the final aperture is flashed to the 
brightness of the source less the transmission losses. 
With small optical systems more power may have 
to be expended with the high brightness mercury 
lamp than with a tungsten filament lamp but this 
will be a matter of no importance in the many cases 
where a tungsten lamp cannot possibly produce a 
beam of the requisite intensity and the only alterna- 
tive to the high brightness mercury vapour lamp is 
the carbon arc with its attendant disadvantages. 
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DISCUSSION 


Mr. L. J. Davies first congratulated the authors 
on their very able presentation of an extremely in- 
teresting paper. He thought that the first point of 
importance arising was that, as the authors had 
shown, the electric discharge lamp is now entering 
the field of the projector illuminant. When dis- 
charge lamps were first introduced some years ago, 
the shape and dimensions of this then new light 
source made him feel sympathy for the designer of 
a street lighting lantern, who had to take the lamp 
as he found it and design optical systems to suit. 
One could not but admire the efforts of the lantern 
designers and the optical control devices of the street 
lighting lanterns they had produced. He had often 
wondered, however, how the lantern engineer would 
manage when attempts were made to use the dis- 
charge lamp for projection purposes such as search- 
lights, aerodrome landing lights, cinema projectors, 
etc., where precise optical control was required. 


He thought the difficulty of the lamp shape had 
been got over in a very clever way, for the lamp 
man had been asked to make lamps to suit pro- 
jectors, linear lamps for certain applications, and 
squat or compact forms of lamps for others. 


The linear lamp could be regarded as competing 
with the filament lamp, for hitherto the only way 
of obtaining a linear light source was to suspend an 
incandescent filament within a tubular bulb, and the 
compact source type of mercury vapour lamp could 
be regarded as competing with the carbon arc. He 
thought this should be emphasised as the second 
point of importance in the paper. 


In the carbon arc one had a light source with con- 
sumable elements, the carbons, and a somewhat 
complicated mechanism, namely the carbon feed. 
The arc, however, was a source of good colour output 
and one which had virtually no thermal delay times, 
and, as its use for modern cinemas had shown, was 
highly reliable. In the case of the compact or air- 
cooled mercury vapour projector lamp, one had the 
sealed-off, easily replaceable, pre-focused light and 
great simplicity. It had certain colour difficulties 
and certain thermal delays which might cause diffi- 
culties in some applications. It must be remembered, 
however, that the present carbon arc has behind it 
many years of development and practical application, 
while the projector mercury vapour lamp is only at 
the start of its career. He felt that it would not: be 
very long before this lamp had many important 
applications, brought into being either by modifica- 


tions to the lamp or by adaptations of methods of 
application. 

Discussing the paper in more detail, he would like 
to say that results obtained by his colleagues agreed 
very closely with the data presented in the various 
curves in the paper. He was a little puzzled at the 
reference to cadmium and the implication of the pos- 
sibility of using a mercury/cadmium vapour lamp 
to give correct colour rendering. The introduction 
of cadmium, of course, had improved colour render- 
ing, but he had found that there was a rather rapid 
deterioration when cadmium was used. Concerning 
the possibility of showing coloured films with mer- 
cury vapour projection lamps, he rather admired the 
skilful way in which the authors had dealt with a 
very difficult question. With regard to the statement 
that “the view has been expressed ” that the colour 
distortion is not sufficient to matter, he would remind 
the authors that the only expression of view that 
matters is that of the box-office, and he doubted 
whether he could agree that the colour distortion 
could be dismissed so easily as had been done by the 
authors. 

Finally, in saying that he thought it would be an 
improvement to show spectrophotometric diagrams, 
e.g., of the mercury/cadmium lamp, rather than 
ordinary spectrographs which could be a little mis- 
leading when dealing with colour rendering, he had 
really no criticism and nothing but praise for the 
paper. 


Mr. J. W. RypE remarked that, until recently, high 
brightness had not been a consideration in the de- 
sign of electric discharge lamps. Indeed, it was not 
desirable in a lamp for general service lighting. The 
requirements of a light source for projection pur- 
poses, however, necessitated profound modifications 
in lamp design. He thought that the authors had 
shown great restraint in their description of the 
troubles which have had to be overcome. If the 
lamp were wrongly designed the arc might writhe 
about, or the quartz envelope might devitrify, soften, 
or blacken rapidly—and these were only a few of the 
things that could happen. 

It was interesting to note the enormous range of 
brightness now exhibited by discharge lamps. Nega- 
tive glow lamps normally had a brightness of less 
than one-tenth of a candle per sq. cm., sodium lamps 
had a value of 10, while, at the other end of the scale, 
experimental lamps of the type described by the 
authors could be made to give brightnesses well over 
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100,000 candles per sq. cm., or over a million times 
that of the normal glow lamps. 

Another interesting point was that the ratio of the 
average to maximum brightness across the discharge 
column was, as mentioned by the authors, about 0.8. 
It appeared that this useful rule was true for all high- 
pressure mercury lamps, including the high-bright- 
ness types, both air- and water-cooled, and the now 
standard general service types. The ratio fell be- 
tween 0.77 and 0.83. 

He added that he was glad the authors had 
used the word “ starting ” instead of “ striking ” when 
referring to the initiation of the discharge. It was 
true that the carbon arc was started by touching the 
electrodes together and the term “striking” had 
probably grown up from that, but he felt that it was 
not a term which should be used in connection with 
electric discharge lamps in which the electrodes were 
not even touched together. 


Mr. R. Howmgs, referring to the application of the 
mercury vapour lamp to cinema purposes, asked if 
there were likely to be any difficulties due to the 
stroboscopic effect and the interruption of the light 
on the screen by the shutter at certain frequencies, 
or whether the lamp were more or less a continuous 
source of light. 


Mr. S. R. Eanbe referred to figures relating to cinema 
projection in the published version of the paper, and 
asked the authors if they could state the total lumens 
reaching the screen. Whilst he did not for a moment 
query the authors’ statement that the brightness was 
dependent on the source brightness, the diameter of 
the objective, and the throw, the practical cinema 
man was normally given a throw to which he must 
accommodate himself. He was limited by the com- 
mercially available lens aperture and was asked to 
produce a screen brightness of, say, 11 ft.c. as a mini- 
mum on the screen which was, perhaps, 22 ft. or 
24 ft. wide. In addition, he must achieve a certain 
measure of uniformity of illumination across the 
screen width. The figure which was normally con- 
formed to was a ratio of 1.5 : 1 from the centre to the 
edge. The variation in intensity across the are width 
of the H.P. discharge source, particularly if the image 
of that arc was formed in the film gate, made the 
achievement of the necessary screen intensity distri- 
bution fairly difficult. The only clue in the paper 
to the actual figure of screen illumination was, per- 
haps, the reference to the fact that it was about one- 
quarter of that of the carbon arc. If one assumed 


that the carbon arc referred to was of average and 
not maximum efficiency, it might give 4,000 lumens 
on the screen with the shutter running. This sug- 
gested about 1,000 lumens, with the shutter running, 
for the compact discharge source. 


Mr. W. C. CLOTHIER stated that he was especially 
interested in micro-projection, and asked if the 
authors could give any figures relating to the degree 
of heat radiated from the source through a lens sys- 
tem, using mercury vapour lamps, as compared with 
tungsten lamps. It seemed to him that the mercury 
vapour lamp would prove very useful for micro- 
projection. In “The Times” that morning there was a 
description of a projector which had been set up at the 
Haslemere Educational Museum, and it occurred to 
him that the people concerned might be particularly 
interested in the light source described by the 
authors, as, he believed, they were at present using 
the carbon arc. 


Mr. F. ILes said he was thinking of the use of 
the “ squat” type of lamp in sound recording in such 
systems as used ultra-violet radiation. In recording 
sound such lamps might be utilised to get high re- 
solving power, and would be advantageous in so far 
as their blue content was very much higher than that 
of the over-run tungsten lamp which was used for 
the purpose at present. It would, however, only be 
possible to use them if they could be run on direct 
current. Could the authors say whether the “ squat ” 
type of lamp could be run at about 200 to 240 volts 
D.C.? 


Mr. J. M. WALDRaM said that many projection prob- 
lems were confusing and difficult to follow, and the 
authors were to be congratulated upon the clearness 
of their exposition of the principles of light projec- 
tion. He asked whether the authors would agree 
with the principle, which appeared to emerge from 
their paper, that if the brightness of a light source 
were increased at the expense of its area, the in- 
creased brightness could be fully utilised only in 
“complete flash” projectors, and only to the extent 
that the apparatus was capable of remaining com- 
pletely flashed with the smaller source. It seemed 
to him likely that the introduction of small and very 
bright light sources would lead to greater precision 
in the design of optical and illuminating engineering 
apparatus. 


Mr. J. S. Dow remarked that in the case of the 
coloured lantern slides which had been shown, it was 
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naturally evident that the reds were in some degree 
deficient, and asked whether it was possible for 
fluorescence to be applied to these lamps to secure 
an improvement. 

He also inquired whether, in view of the fact that 
the spectrum of the source described consisted of in- 
dividual lines partially coalescing, there was any 
special necessity to use achromatic lenses, so as to 
prevent spoilage of the appearance of fine detail on 
the screen. 

It did seem, as the authors remarked, that there 
was a definite accentuation of perspective and more 
complete revelation of detail in the case of films pro- 
jected with the mercury lamp. The process which 
was taking place in getting a more and more continu- 
ous spectrum, whilst beneficial for colour effect, 
seemed rather to have the opposite influence so far 
as sharp definition was concerned. It might even be 
better from this standpoint to insert filters such as 
would cut out these parts of the spectrum which 
tended to be fuzzy, leaving the other regions, which 
contributed to greater clearness of image. 


Mr. J. A. PROWSE said there was one point he was 
not quite clear about when dealing with these lamps 
for projection purposes. In focusing a projector to 
ensure maximum evenness of screen illumination one 
usually attempted to focus the image of the light 
source on to the objective. He understood Mr. Wil- 
son to say that the image of the light source should 
be focused on to the actual slide or film, and won- 
dered if this interpretation was correct. 

In connection with the apparently improved 
definition of lantern slides when projected by high- 
pressure mercury vapour lamps, was that attribut- 
able in any way to the fact that the light from the 
high-brightness lamp, when condensed, formed a 
truer cone in that there was not so much spill as with 
the larger source of the filament lamp? 


Dr. C. J. MILNER raised a point in connection with 
the projection of microscopic pictures, and drew 
attention to the remark in the paper that “In this 
application the mercury lamp should give better de- 
finition than the tungsten lamp, as the main radiation 
is from three or four spectral lines, and diffraction 
would be reduced.” He agreed that the mercury 
lamp would probably give better definition, but 
diffraction effects would be reduced, because red 
radiation was practically absent from the mercury 
lamp, so that the average light would be of shorter 
wavelength, and not particularly because only a few 
spectral lines were present. 


He also asked by what process the colour slides 
which had been shown had been made. It was men- 
tioned in the paper that in certain processes the 
coloured photographs were processed to obtain direct 
colour reproduction with the carbon arc. light, and in 
other processes the aim was colour reproduction with 


the tungsten light. Due to the quite different spectral . 


distribution of the light from these two sources, the 
colour defects with the mercury lamp would be much 
more serious in the case of pictures intended for pro- 
jection with tungsten lamps than those intended for 
projection with the carbon arc. 

Speaking as a physicist rather than as an engineer, 
he said that Fig. 2 showed that brightness appeared 
to vary linearly with the loading expressed in watts 
per square centimetre of arc surface over a very wide 
range. Could the authors give any theoretical ex- 
planation of that? 

Continuing, he referred to the question put by 
Mr. Davies in opening’ the discussion as to whether 
the curve in Fig. 8, showing the percentage of red 
radiation from mercury discharge with different 
loadings, had been obtained, in the case of the com- 
pact source of light, with or without the light from 
the electrodes being included. In that connection he 
said that work with which he had been concerned 
on this subject indicated that the red light from the 
electrode was a negligible part—or less than 5 or 
10 per cent.—of the total red light from these lamps. 
This could be easily confirmed by examining the 
lamp or projected image of it through a Wratten 
No. 25 filter. This showed that the arc was very 
much brighter in red light than the electrodes. 


Mr. S. ANDERSON said he was very curious about the 
extension of the various spectral bands with the in- 
crease in brightness and pressure of the mercury 
vapour lamp. He was quite prepared to believe that 
this happened, because he had seen it happen; but 
why did it happen? If this effect was a function of 
the brightness, how was it that, as we had seen with 
the lamp demonstrated, the spectral bands had so 
increased in width as to become very nearly con- 
tinuous radiation, yet in the case of the sun where 
the brightness was much higher, narrow bands still 
showed up and could be identified with the various 
elements. He would much appreciate a short answer 
to that query. 


The PRESIDENT remarked that under the existing 
regulations governing the use of electricity in pro- 
jector rooms of public cinemas the voltage was 
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limited to 250. He inquired if any attempt had been 
made to secure that high voltage mercury vapour 
lamps, taking more than 250 volts, could be used. 


THE AUTHORS, replying to the discussion, agreed 
with Mr. Davies that the new mercury vapour lamps 
described were probably destined to play a.very im- 
portant part in projection problems. People would 
be pleased to get away from the complication of the 
arc lamp in spite of the excellence of its perform- 
ance when it was well controlled. Commenting on 
Mr. Davies’s remarks that the authors had been 
tactful with regard to their pronouncement on 
colour, they said that the opinion on this point given 
in the paper was expressed by people in the cinema 
industry. Unfortunately, it was not stated in the 
pre-prints that those who expressed the opinion were 
thinking more of the educational and less formal type 
of semi-private showing of films than of the ordinary 
commercial picture house. 

With regard to the effect of cadmium on the com- 
pact source lamp, the authors agreed that in some 
circumstances the presence of cadmium caused devi- 
trification of the quartz bulb and thereby shortened 
the useful life of the lamp. At the same time they 
were not convinced that it was always so, and there 
might still be a useful field in which cadmium could 
be used. It was not, however, the intention of the 
authors to suggest that cadmium was necessarily the 
best method of improving the colour. It was men- 
tioned to illustrate the fact that there were methods 
by which the colour of the mercury vapour discharge 
could be improved. 

The authors agreed with Mr. Ryde that the 
troubles encountered in developing the lamps had 
been very much minimised in the paper. Mr. Wilson 
had not seen so many as had Mr. Francis, and if he 
were handed a lamp which did not behave reason- 
ably it went back to Mr. Francis, who had to provide 
another. 

As to the stroboscopic and allied effects mentioned 
by Mr. Holmes and Mr. Iles, one would expect to run 
the lamp on D.C. in such applications as film projec- 
tion and sound recording, although it might be neces- 
sary to re-design the electrodes for continuous D.C. 
operation. The authors had projected 16 mm. cinema 
film at 16 and 24 frames per second, with the lamp 
running on the ordinary 50-cycle supply. When 
there was no film in the machine the flicker was 
noticeable, but when projecting film it was difficult 
to detect the flicker and the average person would 
probably never be conscious of it. For sound-film 
recording, the compact source type of lamp should 


be of particular value on account of its output of 
short wave-length radiation. 


Mr. Eade asked for information on the number of 
lumens reaching the screen. Tests made on a variety 
of lenses had shown that the screen illumination and 
the flux reaching the screen could be calculated with 
considerable accuracy from the size of the flashed 
area and its brightness. It is true that large aperture 
lenses cannot always be flashed by the illuminating 
system to their full area, but the calculations apply 
if the area considered is that actually flashed. A 
further set of measurements has been made since 
the figures given in the pre-prints were obtained. 
These later results apply to a 12-cm. focus objective 
lens, which is fairly typical of the focal lengths used 
in practice. These results have now been given in 
the paper. The lens was flashed with a circular 
image of an ellipsoidal mirror behind the lamp, to a 
diameter of 5.7 cm. The total light reaching the 
screen was 3,350 lumens, allowing for 50 per cent. 
absorption by the shutter. With lenses having the 
same diameter of 5.7 cm., but a longer focal length, a 
full flash was always obtained, so that the screen 
illumination remained substantially constant, 
although the lumens on the screen were reduced in 
proportion to the size of the picture. The same was 
true for smaller diameter lenses over a range of focal 
lengths above and below 12 cm. Using a lens of 
5.7 cm. aperture and a shorter focal length than 
12 cm., the full aperture of the lens could no longer 
be flashed, on account of the limited angular subtense 
of the mirror illuminating system. In this case the 
lumens on the screen were substantially the same as 
with the 12 cm. focus lens, as all the flux passing 
through the film aperture was accepted by the lens. 
The screen illumination, however, was reduced in 
proportion to the flashed area. Regarding the diver- 
sity of illumination over the screen, this was found 
to be no greater with the compact source lamp than 
with a 55-amp. high-intensity arc. The value was 
about 1.6 to 1. 


In reply to Mr. Clothier, the authors said that there 
was very much less heat from mercury lamps than 
from tungsten lamps when the light was passed 
through a number of glass components. There was 
about one-quarter of the temperature rise of an 
object in the beam. Measurements had been made 
on a human face as the object, and it was found that 
2,000 ft.c. of tungsten illumination through a pris- 
matic lens of the kind he had shown was unbearable, 
but 6,000 ft.c. from a mercury lamp was quite bear- 
able. However, they did not know whether that 
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could be interpreted in terms of specimens used in 
micro-projection. 

In the authors’ view Mr. Waldram was correct in 
his interpretation of the conclusions of the paper, 
namely, that high brightness was of major import- 
ance only when the optical system was giving a full 
flash. 

Regarding Mr. Dow’s point on the possibility of 
using fluorescence in projection by having fluor- 
escent material on the lens, the authors felt that 
unless one could get fluorescent material which would 
accept light and then retransmit it in the same direc- 
tion in which it was passing through the lens, the 
effect would not be produced. 

It seemed to them possible that reducing the blue- 
ness of the light and giving it a more continuous 
spectrum might affect the sharpness of the image, 
although there did not seem to be any explanation 
for the apparent sharpness of the mercury image on 
the ground of visual acuity. They were inclined to 
think it was due to the fact that the small source 
size produced less stray light, and, therefore, less 
diffusion in the image of the slide, and also that the 
objective lens was, in effect, stopped down. If that 
were the case, then, provided the source was kept 
small, adding more red to it and making it less mono- 
chromatic would not have any effect. Projection 
lenses were normally corrected for chromatic aber- 
ration, and the authors expressed doubt if any re- 
duction in the correction would be practicable when 
the new discharge lamps were used, as there was 
considerable continuous radiation from these lamps. 

In reply to Mr. Prowse, they said that in the lantern 
slide projector the image of the light source was 
formed by the condenser somewhere about the posi- 
tion of the objective, but in the case of the film pro- 
jector, because the film was so small, the light was 
focused down on to the film. The beam diverged 
after the film and entered the objective lens, which 
was usually of a relatively large diameter. In some 
of the small film projectors the optical system tended 
more towards that of the lantern slide projector. The 
reason Mr. Prowse had suggested for the sharper de- 
finition when a small source was used in a slide pro- 
jector seemed likely to be correct. A small carbon 
arc showed a somewhat similar effect which was not 
attributable to line radiation. 

The authors were grateful to Dr. Milner, who had 
mentioned the projection microscope and the ques- 
tion of diffraction, which would be corrected in the 
final version of the paper. The coloured slides were 
produced by the Dufay process, and were intended 
for viewing in daylight to get the correct colour im- 


pression. They agreed with Dr. Milner’s reference 
to the curve shown in Fig. 2. The relation given 
there for the high pressure mercury discharge seemed 
to hold with surprising accuracy for a very wide 
range of current and voltage. The reason for this 
might be that at these very high pressures and cur- 
rent densities, the mechanism providing ionisation 
was largely thermal, i.e., the degree of ionisation 
depended simply on the temperature of the gas, and 
if that were so it would be expected that the loading 
or wattage dissipation per unit area of the discharge 
column would be the chief factor which would con- 
trol the brightness. In connection with Fig. 8, it was 
stated in the paper that the electrode radiation was 
included in the curve. The authors agreed with 
Dr. Milner, however, that in many cases this was 
small. 


Mr. Anderson had raised questions concerning the 
broadening of the spectrum lines as the pressure and 
loading was increased in the high-pressure mercury 
vapour discharge. At high pressures the interactions 
between atoms caused the electron energy levels to 
become disturbed and “broadened.” The electron 
transitions, therefore, instead of giving rise to a dis- 
creet set of lines produce broadened lines, and the 
continuous radiation which is usually obtained when 
there is strong interaction between the atoms. Of 
course, a source need not be bright in order to pro- 
duce a continuous spectrum. In a mercury vapour 
discharge, however, the necessary conditions for pro- 
ducing high brightness also give rise to wide spec- 
trum bands. In the case of the sun, conditions are 
quite different. The continuous spectrum is the re- 
sult of a complicated process of radiation and absorp- 
tion, and is akin to the radiation from a hot solid. 
The lines in this spectrum appear dark against the 
continuous background, and are caused by absorp- 
tion in the cooler vapour in the outer regions of the 
sun’s atmosphere where the pressure is low. 


Commenting on the President’s remarks, the 
authors said they did not know if any steps had been 
taken with a view to getting an amendment of regu- 
lations governing voltage in operating rooms in 
cinemas. It would be possible to operate lamps of 
the compact source type on 250 volts direct current, 
or a slightly lower voltage, and they would just come 
within the regulations, but the water-cooled lamp 
which had been designed for application to projec- 
tion in cinemas required a higher voltage, and if re- 
presentations with regard to the regulations had not 
already been made, they did not think it would be 
long before somebody did so. 
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PRESIDENTIAL ADDRESS 


By PERCY GOOD, M.1.E.E., F.C.G.I. 


(Delivered on Tuesday, May 9, 1939.) 


I am deeply sensible of the honour of. being elec- 
ted your President, and I apologise for my absence 
during the first half of the Session. For that period the 
presidential duties were ably carried out by Dr. 
English, our immediate Past President, and on my 
own and on your behalf I would extend to him our 
grateful thanks for devoting so much time and effort 
to this extra work. 

It is unusual to deliver a presidential address at 
the close of the session, but it happily provides an 
opportunity to express appreciation for the ready 
help of every member of the Council, of the Hon. 
Secretary, Mr. J. S. Dow, and of his staff, all of 
whom have, at all times, conspired to do everything 
possible to make the presidential duties light and 
pleasant. 


General. 

On reading through the more recent addresses 
delivered by your Presidents I was impressed with 
the wide range of outlook they represented. 

Sir Francis Goodenough, in 1932, reviewed the 
general position of the Society in relation to other 
organisations. He stressed the point that the Society 
was an Illuminating Engineering Society and not a 
Society of Illuminating Engineers, but evidently 
sensing future development he added: “It may be 
perhaps some time yet before we feel in a position 
to form an inner circle of ‘illuminating engineers’ 
with full qualifications . . .” 

Mr. C. W. Sully, in 1933, reviewed the progress 
in the science and art of lighting by artificial means 
during the period covered by the life of the Society 
(1909-1933). 

Mr. H. Hepworth Thompson, in 1934, made an in- 
spiring appeal by asking the Society three very 
pertinent questions: ‘“‘What has been done in illu- 
mination?” “What is being done?” and “ What 
should be done?” His answers were so stimulating 
that our Councils have been concerned with his 
proposals ever since. Many of his points have been 
dealt with, and it is fair to say that a good deal of 
the recent progress of the Society has resulted from 
his enthusiastic drive. 

Mr. A. W. Beuttell, in 1935, made a survey of the 
future possibilities of the use of light. He reviewed 


present theories and carried them to some striking 
and logical conclusions, showing thereby that there 
were great opportunities for those who cared to de- 
vote their attention to the subject of illumination. 

Mr. A. Cunnington, in 1936, spoke critically from 
the point of View of the user of light. He re- 
minded the members of the Society that there were 
factors which were not directly related to the tech- 
nics of light production or utilisation yet which 
could help or hinder progress in those fields. He, 
like others before him, directed attention to the 
need for the independent lighting expert. 

Dr. S. English, in 1937, offered some views on how 
to maintain and improve the standing of the Society 
both in the estimation of members and of others. 
He urged the need for more original papers, describ- 
ing the results of members’ own research on illu- 
mination problems. He advocated an annual con- 
vention where a group or groups of papers could be 
presented. He also urged the need for the institu- 
tion of a course dealing with illuminating engineer- 
ing subjects in one of our technical colleges. 

Whilst there is a common denominator in these 
addresses they cover two distinct fields. All have 
illustrated the wide interest covered by the 
Society and have stressed the importance of main- 
taining a high standard in all its activities. In some 
the scientific and technical aspects of iliuminating 
engineering are dealt with prominently, and in 
others the application of technical development and 
the creation of public interest is the dominant note. 
There is no member of the Society who would sacri- 
fice the one for the other. Both are important, and 
the ever-present problem before the Society is to 
maintain the correct balance. 

I have referred to these addresses to-night be- 
cause there is much in them which is as pertinent 
to-day as when they were delivered. You have 
had the annual report presented to you this even- 
ing, and you will, in some measure, be able to judge 
for yourselves as to whether the Society has 
responded to the encouragement and inspiration 
which your Past Presidents have endeavoured to 
evoke. I think the members are to be congratulated 
on their response, but the new developments now 
being brought to fruition can only be harvested if 
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enthusiasm is maintained and a substantial increase 
in membership secured. 

As one means towards this end I would urge all 
the members to take an active part in the represen- 
tation of the Society, and never be afraid of call- 
ing the attention of the Council to members whom 
they feel are most suitable for election to the Coun- 
cil. 

illuminating Engineering in the Antipodes. 

My absence during the first half of the Session was 
the result of an official invitation to visit Australia 
and New Zealand to discuss certain aspects of stan- 
dardisation, which I propose to describe to you to- 
night, but before doing so I would like to refer to 
the work in those Dominions of those interested in 
illumination. 

There are two Illuminating Engineering Societies 
in Australia. The LE.S. (New South Wales), with 
headquarters in Sydney, was the first organisation 
to be founded. This was followed by the LES. 
at Victoria. I was entertained at various functions 
by both Societies, and on the last night in Australia 
the LE.S. (New South Wales) gave a dinner in 
honour of your President, and presented me with 
an album of photographs of some of the fine illumina- 
tion work that has been carried out by their members. 

It should be noted that it has become the policy 
of these Dominions to secure a reasonably bal- 
anced industry, and with this end in view 
every effort is being made to develop their 
secondary industries. In Australia there is already 
marked progress in this direction, and in New Zea- 
land the Government is taking important steps to 
encourage this development. Those interested in the 
production of the material necessary to give effect 
to the lighting progress now taking place would be 
well advised to give this matter careful considera- 
tion. Failure to do that will mean that others may 
reap the benefit. 

The main point of the discussion in Melbourne 
and Sydney with the Councils of the Illuminating 
Engineering Societies was in connection with the 
growing desire to have some recognised status for 
the illuminating engineer. I pointed out that this 
subject was under discussion at home, and at both 
centres urged that no final decision should be taken 
until all the English-speaking Illuminating Engineer- 
ing Societies had had an opportunity of consulting 
together on the title to be adopted and the general 
lines of the educational requirements. At the time 
of my visit the L.E.S. (Victoria) had already prepared 
a recommendation which in effect would make the 


conditions for full membership practically equivalent 
to those now being proposed here for Fellowship, 
that is to say, a full member would have to be a 
qualified illuminating engineer. The Council were 
proposing to reclassify the existing membership, 
which would leave perhaps only twenty full mem- 
bers, the others automatically becoming Associate 
Members or Associates. 

The L.E.S. (New South Wales) had been discussing 
the same subject, but were not ready to go as far as 
the I.E.S. (Victoria). 

Whilst in the U.S.A., on my way home, Mr. Preston 
Millar (whom we are very glad indeed to have with 
us to-night) kindly arranged for me to meet Mr. 
Attwater, the President of the LE.S. of America, 
where I learnt that the subject of a status member- 
ship was also under consideration. 

It is very gratifying to report that as a result of 
your Council’s communications with each of the 
Societies, the I.E.S. (Victoria) have already agreed to 
alter the title of their qualified members to “ Fellow,’ 
and it is hoped that the conclusion of the discussions 
will result in agreement between the English-speak- 
ing countries both on the title to be given to the 
qualified group and on the level of educational and 
other qualifications for admission to this category of 
membership. 

The LE.S. (Victoria) are to be congratulated on 
having been able to secure publication of a Journal 
to include the transactions of their Society. 

There is at present no Illuminating Engineering 
Society in New Zealand (it must not be overlooked 
that the population there is under 14 million). There 
are, however, two members of our Society living 


‘there, viz., Mr. J. C. Forsyth and Mr. C. E. Fuller, 


whom I met in Wellington. Those concerned with 
illumination problems, however, are organised in the 
Illumination Industry Committee of the New Zea- 
land Standards Institute, which Committee is repre- 
sentative of all those interested in illumination 
matters throughout the country. With Mr. Forsyth 
as chairman, this Committee is likely to do a great 
work in the interest of a better understanding of 
all the various uses of light. It has already issued a 
Code of Recommended Illumination Values, and will 
be responsible for other codes of practice and speci- 
fications relating to illumination. 

The Institution of Engineers (N.Z.) is all-embrac- 
ing and provides a platform for papers on illumina- 
tion. 

In New Zealand there is a Lighting Service Bureau 
operating under the guidance of Mr. Ross. This 
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bureau is in close touch with the E.L.M.A. Lighting 
Service Bureau in London, and is doing useful work. 

In both these Dominions there is a growing interest 
in illumination matters, and I would like to place on 
record my appreciation of the many kindnesses 


received from those in Australia and New Zealand 


interested in this work. 


Industrial Standardisation. 

As I became interested in the Illuminating Engin- 
eering Society through my association with the 
standardisation movement in this and other coun- 
tries, it seems proper that I should touch on the sub- 
ject of industrial standardisation in so far as 
illumination matters are concerned, as well as deal 
briefly with some of the latest developments in the 
general standardisation field which led to the invita- 
tion to visit the Antipodes. 

The term “ industrial standard” is used in contra- 
distinction to the so-called fundamental standards 
of length, mass, time, and the standards directly 
derived therefrom, and the standard for the unit of 
light. This latter is a responsibility of the National 
Physical Laboratory in co-operation with the 
national laboratories in other countries, and will, I 
understand, be fully dealt with in a paper to be pre- 
sented early next session. There is, however, a very 
close relationship (not always recognised) between 
the ideas underlying the use of standards of length, 
weight, and capacity, and industrial standards. 

The IL.E.S. has, since its inception, taken an active 
interest in the subject of standardisation, so that I 
need not spend much time on a case for it. Civilisa- 
tion itself is the result of the application of standards 
in all its various phases of activity. 

Industrial standardisation is not new. Standards 
of performance and quality of materials and appli- 
ances have been expressed since the earliest times. 
The importance of the subject has become recognised 
in recent years with the growing use of complex 
products. 

There is a tendency to conclude that the word 
“standardisation” is a process of freezing or the 
maintenance of sameness. It is true that the stan- 
dardisation of dimension is an important aspect, but 
there is a much greater use of standards of quality 
and performance than for dimensional standards. 

In the illumination field the first practical devel- 
opment of industrial standards of interest to-day 
were those developed by the gas industry. The 
quality of the gas was defined by its intrinsic illu- 
minating power when burned in a standard burner. 


This burner was carefully specified, and in its finai 
form was a precision instrument designed by Dr. 
Charles Carpenter. This standard burner gave the 
maximum intrinsic light that could be obtained by 
burning gas under prescribed conditions and fulfilled 
the conditions of a standard instrument for compar- 
ing different samples of gas. 

I think the improvements which took place in the 
light production of the various commercial burners 
were due to the fact that a standard of illumination 
was established making accurate comparisons pos- 
sible. 

Before the development of a satisfactory gas stan- 
dard it was reported in 1869 by the Gas Referees 
that “the kinds of burner in common use are 
extremely defective, thereby entailing upon the 
public a heavy pecuniary loss.” A little later they 
reported that the burners chiefly in use by the general 
public gave out only one-half of the light that the 
standard burner emitted, some, indeed, only one- 
quarter. They estimated that public in London alone 
could save £500,000 by the use of good burners 
instead of bad ones. The setting up of standards and 
the institution of the Gas Referees deserved high 
commendation. 

Thereafter the consumption of gas per hour was 
used to distinguish the various sizes of burners, and 
there grew up the keenest competition to secure a 
maximum of light for a minimum consumption of 
gas. 

Electricians during those years (1861) were en- 
gaged in establishing the standard units and methods 
of measurement, and the phenomenal growth of 
electrical knowledge is due to the development of 
precise methods of measurement and internationally 
agreed units, and a habit, from the start, of express- 
ing performance in readily understood units. 

A great development in the use of products of a 
highly technical nature has taken place since those 
early days of gas lighting, and just as there grew 
to be a need for a standard with which to compare 
the quality of both the gas and the appliance utilis- 
ing it, so there has grown up a need for the estab- 
lishment of standards whereby the properties or 
qualities of a great range of industrial products may 
be compared. 

In general, the first step in standardisation is to 
define the properties desired, establish a unit for 
expressing those properties and a method of test. If 
these steps can be taken the development of a satis- 
factory standard is not difficult. Unfortunately, it 
is not always easy to take these steps, and much 
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empiricism is necessary. Commercial considerations 
also cannot be disregarded. 


There is a continuous demand for standards. It is 
coming from the producer and from the consumer, 
and indicates a growing recognition that the public 
is demanding a system of buying and selling which 
secures for the buyer value for his money and for 
the producer a fair return for his work. I believe 
that to be the underlying or root cause of the pres- 
sure for more and more standards. Other reasons 
can be given, and one is that experience has shown 
that research work is helped and guided through the 
attempt to establish a standard, and this research 
often leads to considerable improvement in the 
material. There is undoubtedly a growing demand 
for better quality, and I think the work of the illu- 
minating engineer has encouraged this demand. It 
will be recognised that the development of a stand- 
ard, that is, a yardstick, for comparing the perform- 
ance or quality of the things we sell or buy is a neces- 
sary adjunct to a civilised life. It is an essential 
weapon in the struggle to take war out of commerce, 
to lift it above the arena of a cut-price, cut-quality 
form of business, which in the end destroys our 
souls as well as our bodies. 

Coming to the period when industrial standardisa- 
tion was put on an organised basis, the first British 
Standard in the illumination field was issued in 1906 
for carbon filament electric lamps. This was the 
forerunner of B.S. Specification 161 for general ser- 
vice electric lamps, the series of specifications 
for electric lamps for particular purposes, and the 
specifications now in course of preparation for gas 
mantles and electric discharge lamps. Before 
discussing any particular standards, however, it may 
be useful to place on record some account of the way 
in which industry has organised itself for their 
preparation. 

In 1901, arising out of collective action of the five 
leading engineering institutions, the British Stand- 
ards Institution came into being. This body is sup- 
ported by contributions from H.M. Government, 
Municipal bodies, Scientific, Technical, Professional, 
Trade organisations, and individuals. The I.E.S. has 
been a supporter since its formation. 

The control of the B.S.I. is in the hands of its 
founders and supporters, and the results of its 
efforts and assistance are available to all. The work 
is controlled by industry committees, of which those 
most closely interested in illumination matters are 
the Electrical, Gas, and Illumination Industry Com- 
mittees. The Illumination Industry Committee, of 


which Colonel Edgcumbe is chairman, includes repre- 
sentatives of all the principal interests in this field. 
The specifications are prepared by Technical and 
Sub-Committees, and drafts are sent to the 
Dominions for comment. 

The illumination industry has for many years 
taken an interest in international standardisation, 
and has actively participated in the work of the Inter- 
national Commission on Illumination, the Honorary 
Secretary of which is Dr. C. C. Paterson, who has aiso 
been its President. Whilst the work of this Commis- 
sion covers a wider field than standardisation, so 
much of its work and its discussions lead to standards 
that the same personnel forms the British National 
Committee of the LC.I. and the B.S.I. Illumination 
Industry Committee. The I.E.S. takes a very active 
part in the work of this Committee in both its guises. 
The Technical Committees of these bodies (the LE.S., 
I.C.1., and B.S.I.) work in the closest touch with one 
another, and it is to the credit of both the gas and the 
electrical industries that they combine and work 
together to produce such specifications as those for 
electric lamps and gas mantles, standards for street 
lighting, etc. 

Some standards of interest and importance to those 
engaged in the illumination and associated industries 
are given in the table at the end of this address. 

It will be difficult for any one person to realise the 
amount of voluntary research and other work which 
has been put into their preparation. Not only does 
the Department of Scientific and Industrial Research 
do a great deal of work to assist the committees, but 
also the Research Associations and Research De- 
partments of the various manufacturing organisa- 
tions. 

By way of illustration, the following are some of 
the investigations carried out in recent years by the 
DS.LR. to assist the committees in preparing 
standards:— 

(a) The distribution of light from porcelain 
steel reflectors with clear, pearl, and opal 
lamps. 

(b) The fundamental physical properties of 
diffusing glassware. This led to the de- 
velopment of a means of measuring the 
average size and concentration of particles 
in opal glass. 

(c) The relationship between the standards for 
clear bulb lamps and those for obscured 
lamps. 

(d) The colorimetric properties of so-called 
artificial daylight lamps in order to define 
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the properties such lamps should have, both 
for partially corrected and fully corrected 
“ daylight ” lamps. 

(e) The relationship between glare and visi- 
bility in street lighting. 

(f) The relative advantages of types of light 
sources for aviation lighting, leading to the 
design of a glare meter. 

(g) The establishment of scientific methods for 
determining standards of adequate lighting 
both natural and artificial. 

This does not represent anything like all, but it 
may be sufficient to show that there is a very large 
amount of scientific work behind the various speci- 
fications. 

It will be recognised that the majority of these 
standards relate to material or appliances for tech- 
nical purchasers generally competent to ascertain 
by some means or other if the material or appliances 
conform to the specification. Generally speaking, 
the purchases are of sufficient magnitude to justify 
some inspection and testing. 

In recent years there has been growing a demand 
for standards for the range of technical products 
purchased by the ordinary householder, who is usu- 
ally not competent to use the standard and also 
generally purchases in too small a quantity to jus- 
tify an inspection or testing by an expert. The 
specifications for electric lamps come into this latter 
category, but until recent years they were used ex- 
clusively in larger transactions. Lately. however, 
claims that lamps conform to the British Standard 
Specification have been made direct to the public 
with no opportunity for the purchaser to ascertain 
if the claims were true, and there is no authority 
to act as a check on these claims such as is provided 
in the case of weights and measures and for the de- 
livery of coal or sand and ballast. This situation, in 
a world where commercial ethics are still on a some- 
what different level from those we apply to our 
sports, leaves something to be desired, so from time 
to time there has been a demand for the use of a 
mark to indicate that the material is up to the stan- 
dard. This, however, is not new. Without going 
very far back records can be found of fines in the 
twelfth century for adulteration of the rare metals, 
and in the thirteenth century all gold and silver 
vessels were required to be marked under organ- 
ised control. In the eighteenth century some con- 
trol had to be exercised over the quality of bricks 
for use in London. In the nineteenth century electro- 
plated goods were marked, but without effective 


control, so that to-day they may have little or no 
serious meaning. 

Without touching here on the various stages that 
have been gone through since the B.S.I. first regis- 
tered a mark in 1903, and the subsequent efforts 
that proved necessary to provide for the use of certi- 
fication marks in the Trade Marks Act, suffice it to 
say the B.S.I. has taken the view that when indus- 
try is ready for an authoritative mark the B.S.I. 
should also be ready with the machinery for its 
operation and effective control. 

The real question is how to prevent the misuse of 
a certification mark, and the reply is not “ prosecute 
a user who does misuse it.” The remedy is a very 
difficult one to apply, and offers little protection. 

The mark should imply an assurance by the maker 
that the article on which the mark appears conforms 
to the standard. In the case of individually tested 
materials or appliances this is sound, but in the case 
of quantity-produced articles a somewhat different 
view has to be taken. After a close study of the sub- 
ject the conclusion has been reached that the mark, 
in this case, must imply an assurance that the maker 
has in operation a system of control of such a charac- 
ter that his product, or a very high percentage of his 
product, can be relied upon to satisfy the require- 
ments of the standard. No responsible maker can 
offer his quantity-produced goods as complying with 
a standard unless he has such a system in operation. 
Without it he is probably deceiving his customer, 
and perhaps also himself. 

With this viewpoint the B.S.I. have evolved a sys- 
tem which they believe justifies them in granting 
licences to some makers to use the B.S.I. mark, and 
for that mark to indicate that the whole production, 
and, therefore, every unit, is likely to be as right 
as it is practicable to make it. I need not describe 
the system in any detail, but it is being operated in 
over 100 factories and may be said to be beyond the 
experimental stage. 

It will be for the lasting benefit of British industry 
when producers of industrial products develop con- 
trol systems, for only by the maintenance of the pro- 
duction of the very highest quality can industry in 
this country maintain their overseas markets. 

Just as the responsible shopkeeper needs protec- 
tion against the few who would give short weight, so 
do the makers who take the utmost care to maintain 
the standard need protection against those who, to 
keep prices down or for other reasons, do not take 
such care, yet irresponsibly make a claim of quality. 

It will be realised that the use of a certification 
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mark under a licence (which can be withdrawn on 
evidence of misuse) is a momentous development in 
the relationship between the small buyer and the 
seller. It puts the small buyer on a level with the 
large buyer. 

The invitation to visit Australia and New Zealand 
was sent because the question of the supply of 
material up to a standard and the use of marks to 
indicate conformity to that standard was being 
seriously investigated in both Dominions, and the 
experience of the B.S.I. was sought. Australia and 
New Zealand had two alternatives—one, the free use 
of a mark, relying on the discovery of misuse after 
the goods had reached the market, or, a system of 
licensing control. After the discussions, the view 
reached by the B.S.I. that the only effective control 








is at the point of production was accepted by both 
Dominions. 

It is hoped that this newer aspect of the work of the 
National Standards bodies will be critically watched, 
for, rightly guided, it should be of great benefit to 
industry and the community. 

This evening I have endeavoured to give you some 
idea of the scope of that work which is to-day in- 
cluded under the term “standardisation.” I have 
included an outline of the developments which are 
now taking place, and which, so far, have not been 
recorded in any paper presented to any of the Insti- 
tutions in this country. 

In these developments the lighting industry has 
actively participated, and I feel confident that our 
Society will continue to play a leading part in all 
useful developments. 


BRITISH STANDARDS RELATING TO ILLUMINATION. 
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IN COURSE OF PREPARATION. 


Gas glossary. Studio Lighting Equipment : 
(a) Lamp caps and holders. 
(b) Lamp housings. 

(c) Flexible cables and lugs. 
(d) Junction boxes. 

Flameproof lighting Fittings : 

Exciter lamps. 


Cinema Screen brightness. 

Spotlights. 

Gas mantles—low pressure. 

Colour matching units. 

Concrete, steel, and iron columns for street lighting. 
Electrical discharge (metal vapour arc) lamps. 
Calculation of Lighthouse intensities. 
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REPORT OF THE COUNCIL FOR THE SESSION OCTOBER, 1938 
TO MAY, 1939 


(Presented at the Annual General Meeting of the Illuminating Engineering Society, held on Tuesday, May 9th, 1939.) 


During the past session there has again been sub- 
stantial progress in many directions. 


Election of Officers and Council for Next Session. 


In accordance with the procedure outlined in the 
Articles and By-laws of the Society, the nominations 
made by the Council to fill vacancies have been 
printed in the “ Transactions” of the Society, and 
corporate members have thus been afforded an op- 
portunity of making additional nominations, if they 
so desired. No nominations having been received, 
the proposals of the Council stand. 


Accordingly, Mr. F. C. Smith will become presi- 
dent for the next session, the other two vice-presi- 
dents, Mr. W. J. Jones and Col. C. H. Silvester Evans, 
continuing in office. Mr. R. O. Ackerley will become 
the new vice-president, Mr. J. S. Dow will continue 
to act as honorary secretary, and Mr. E. W. Murray 
will become honorary treasurer. 


The following members will fill vacancies on the 
Council: Mr. T. Catten, Mr. Dean Chandler, Mr. 
W. J. Edwards, Mr. C. E. Greenslade, Mr. F. E. Lamp- 
lough, Mr. H. Lingard, Mr. T. E. Ritchie, Mr. K. F. 
Sawyer, and Mr. E. J. Stewart. 


The Council desires to put on record its high appre- 
ciation of the services of Mr. E. Stroud, who is now 
retiring from the position of honorary treasurer after 
having completed the prescribed three years’ term of 
office. 


During the early part of the session the President 
was unavoidably absent, owing to his journey, under- 
taken at the request of the Governments concerned, 
to Australia and New Zealand. The Council, in ex- 
pressing satisfaction at this mark of distinction, also 
desires to record its indebtedness to Dr. S. English 
for deputising for the President during this period. 


Work of Committees. 
The following standing committees have been ap- 
pointed during the past Session : — 


General Purposes Committee——Mr. Percy Good 
(president and chairman), Mr. J. S. Dow (hon- 
orary secretary), Mr. E. Stroud (honorary 
treasurer), Mr. A. Cunnington, Dr. S. English, 
Mr. F. C. Smith, and Mr. W. J. Jones. 


Papers Committee—Mr. G. H. Wilson (chair- 
man), Mr. W. J. Jones, Mr. A. R. McGibbon, 
Mr. J. S. Preston, Mr. F. C. Smith, Dr. J. W. T. 
Walsh. 


Technical Committee—Mr. J. S. Preston (chair- 
man), Mr. A. W. Beuttell, Dr. H. Buckley, Dr. 
S. English, Dr. R. J. Lythgoe, Mr. A. R. Mc- 
Gibbon. Co-opted.—Mr. H. Lingard, Mr. F. C. 
Smith, Mr. T. E. Ritchie, Mr. G. T. Winch; Mr. 
Victor F. Beuttell (secretary). 


Development Committee—Mr. R. O. Ackerley 
(chairman), Mr. A. W. Beuttell, Mr. A. Cun- 
nington, Major P. A. Smith, Mr. F. C. Smith, 
Mr. A. V. Horsfall (secretary). Co-opted.— 
Mr. T. Catten, Mr. S. J. Patmore, Mr. F. W. 
Purse. 


Membership and Finance Committee.—Mr. A. W. 
Beuttell, Mr. A. Cunnington, Dr. S. English 
(past presidents), Col. C. H. Silvester Evans, 
Mr. W. J. Jones, Mr. F. C. Smith (vice-presi- 
dents). 


Several questions of outstanding importance have 
again occupied the attention of the General Purposes 
Committee. The rules for the guidance of the 
Council in regard to committees have been completed 
and adopted, and conditions to be observed by the 
first officially recognised Local Centre (in the North 
Midland Area) have been approved. Further con- 
sideration has also been given to such matters as the 
proposed annual conference, the initiating of a higher 
grade of membership and relations with the Illu- 
minating Engineering Societies in Australia and the 
United States of America. 


The various panels of the Technical Committee 
have been continuing their work. In several instances 
useful tasks have been completed. Revised versions 
of the “ Recommended Values. of Illumination” and 
the Report on School Lighting have appeared in the 
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“ Transactions ” and have been reissued in pamphlet 
form. 

The Development Committee has continued to 
exercise supervision over the work of the various 
local sections, and has also made proposals with a 
view to promoting closer co-operation with various 
local centres which the Council has adopted. Other 
matters which have been the subject of a consider- 
able amount of study include the scrutiny of atten- 
dances at sectional meetings, the securing of publicity 
for the work of the society, the organisation of 
lectures or papers on illumination at educational in- 
stitutions and before cultural bodies, and the pre- 


paration of a film featuring the main principles of 


illumination and illustrating their value to the com- 
munity. At the suggestion of the committee, it has 
also been decided to present a Certificate of Member- 
ship to all sustaining members. 

The committee has been actively studying possible 
methods of increasing the membership of the society, 
and in particular the number of sustaining members, 
and has in view the production of a brochure sum- 
marising the work of the society and illustrating its 
value both to the lighting industry and to the general 
public. 

During the past session experience has been gained 
in regard to certain details in connection with meet- 
ings recently initiated by this committee, notably 
the improved and extended form of the programme 
of meetings, which has met with general approval, 
and the new system of printed cards for the use of 
members and visitors at general and sectional meet- 
ings. The latter has worked quite smoothly, and will, 
it is hoped, enable valuable information in regard to 
the attendance at meetings to be obtained. 

Arrangements have now been made for the desired 
Examination in Illuminating Engineering under the 
auspices of the City and Guilds of London Institute. 
The task of the ad hoc Lighting Education and 
Examinations Committee may be regarded as very 
satisfactorily discharged. 


General Meetings. 

At the opening meeting on October 11, 1938, Dr. S. 
English presided in the absence of the President. 

The exhibits of lighting equipment and photometric 
instruments were as numerous and varied as in pre- 
vious years, and it was again found necessary to 
furnish opportunities for preliminary inspection prior 
to the demonstrations. 

On November 8 a very informative series of papers 
was read by Mr. F. C. Smith on “ Reflection Factors 
and Revealing Power,” Mr. C. Dunbar on “ Necessary 
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Values of Brightness Contrast in Artificially Lighted 
Street,” and Mr. J. M. Waldram on “ The Revealing 
Power of Street Lighting Installations.” Subse- 
quent items included a paper by Dr. W. D. Wright on 
“ The Response of the Eye to Light in Relation to the 
Measurement of Subjective Brightness and Contrast ” 
(December 18), a paper by Mr. E. Stroud and Mr. H. C. 
Weston on “ The Lighting of Cinema Auditoriums as 
Relating to Visibility and Safety” (January 10), 
addresses by Mr. R. F. Taylor and Mr. K. Cheesman 
on “Some Uses of Glass in Illumination ” (March 7). 

On January 17 members had an opportunity of 
welcoming back the President (Mr. Percy Good) who 
attended an informal discussion on the Recom- 
mendations of the Report of the Departmental Com- 
mittee on Factory Lighting. Mr. H. C. Weston, Mr. G. 
Chelioti, Mr. A. E. Iliffe, and Mr. R. W. Daniel, 
opened the discussion, in which Mr. R. O. Ackerley, 
chairman of the Industrial Lighting Section, also 
participated. Sir Duncan Wilson, H.M. Chief Inspec- 
tor of Factories, and the chairman of the committee 
responsible for the recommendations mentioned 
above, presided. 

A new and very successful departure on Febru- 
ary 14 was the visit arranged to the research labora- 
tories of the British Thomson-Houston Company, 
Ltd., at Rugby, in which 100 members (sixty 
from London and the remainder from various other 
cities) took part. Opportunities were afforded for 
the inspection of some sections of the works and the 
research laboratories, and a meeting of the society 
took place at which a most interesting paper illus- 
trating work undertaken at the research labora- 
tories, was read by Mr. H. Warren. 

The concluding paper of the Session was read by 
Mr. V. J. Francis and Mr. G. H. Wilson, “ Air-cooled 
High-Brightness Mercury Vapour Lamps and their 
Application to Projection.” 

It is intended that, at the annual general meeting 
on May 9, the transaction of formal business will be 
followed by the presidential address, deferred from 
the commencement of the session. This will be 
devoted in part to experiences during the President’s 
visit to Australia and New Zealand, and will thus be 
in keeping with the tradition that the address at the 
annual meeting should deal with some overseas 
development. 


The Leon Gaster Memorial Fund. 
A statement of income and expenditure of this 
fund, which is now in its eighth year of operation, is 
appended. The eighth award of the Leon Gaster 
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Premium of ten guineas was made during the past 
session to Mr. J. W. Ryde for his paper entitled 
“Luminescent Materials and Their Application to 
Light Sources,” read at the meeting of the Illumi- 
nating Engineering Society on April 12, 1938. 


The Silver Jubilee Commemoration (1934) Award. 

The Silver Jubilee Commemoration (1934) Award 
was made during the past session to Mr. H. J. A. 
Turner for his contribution, entitled “‘The Applica- 
tions of Electrical Discharge Lamps to Photography.” 

It has been the experience that since this award 
was instituted the entries received have been few in 
number. Methods of making it better known and 
stimulating interest on the part of the younger 
members of the society are being considered. In the 
meantime the Council has determined that in the 
year 1940 this award will be granted to a student 
sitting for the City and Guilds Examination in 
Illuminating Engineering whose work is selected as 
showing outstanding merit. 


Sectional Meetings. 


A new section, devoted to commercial lighting, has 
been formed during the past session, so that there are 
now five such sections in operation. Meetings have 
served their purpose well, both in meeting the needs 
of members mainly interested in some special 
branch of lighting and in arousing the interest of those 
outside the ranks of the Society. The new system 
introduced for the first time during the past session, 
whereby cards are issued for all meetings and are 
collected from those present, will, it is believed, pro- 
vide useful information in regard to attendances 
and afford helpful guidance on future policy. 
Attendance at meetings has been very satisfactory. 
Joint meetings have been arranged in several cases 
when subjects of common interest to two sections 
have been discussed, and in several instances meet- 
ings originally proposed by sections have been given 
the status of general meetings in view of the impor- 
tance of the topic suggested. It is hoped that ulti- 
mately it may be possible to derive a substantial pro- 
portion of the general programme by this means. 


Photometry Section. 
Organising Committee—Mr. J. M. Waldram 
(chairman), Dr. H. Buckley, Mr. E. Stroud. 
Co-opted: Mr. M. G. Bennett, Mr. C. E. Greenslade, 
Professor J. T. MacGregor-Morris, Dr. J. 'W. T. 


Walsh, Mr. G. T. Winch, Dr. W. D. Wright, and Mr. 
Kenneth F. Sawyer (secretary). 


In this section the membership is confined mainly 
to members of the Society. Ninety members and 
twenty-eight visitors have become attached to the 
section—a good response bearing in mind the techni- 
cal nature of the subject. 


At the first meeting on November 29, a discussion 
on “ Outdoor Photometry ” was opened by Mr. J. S. 
Dow, and led to an interesting discussion in which 
many points of practical interest were raised. On 
January 31 a visit was arranged to the Dufay 
Chromex Laboratories, at Elstree, and proved to be a 
very popular event. On April 4 a discussion on 
“ Visibility Meters ” was opened by Mr. C. Dunbar. 


Industrial Lighting Section. 

Organising Committee—Mr. R. O. Ackerley 
(chairman), Mr. A. Cunnington, Mr. E. W. Murray. 
Co-opted: Mr. P. S. Barton, Mr. W. J. Edwards, Mr. 
D. B. Hogg, Mr. A. R. McGibbon, Mr. H. C. Weston, 
and Mr. C. W. M. Phillips (secretary). 


This section has on its list the names of 131 mem- 
bers of the Society and seventy-six visitors. Four 
meetings have been held in addition to the general 
meeting on January 17, devoted to the discussion of 
the Report of the Home Office Committee on Factory 
Lighting, suggested, and in part organised, by the 
Organising Committee of this Section. On October 17 
an address on “ Lighting Faults” was delivered by 
Mr. W. Robinson. On November 14 a discussion on 
“Electric Discharge Lamps and Their Application to 
Industrial Lighting ” was opened by Mr. C. R. Bick- 
nell, and on December 19 a paper on “ Light in Rela- 
tion to Production” was read by Mr. T. Catten. The 
final meeting, on February 15, was arranged jointly 
with the Commercial Lighting Section, and was de- 
voted to an address by Mr. H. Fletcher on “ The Main- 
tenance of a Lighting Installation.” 


Public Lighting Section. 

Organising Committee —Mr. E. Stroud (chairman), 
Mr. F. C. Smith, Mr. J. M. Waldram. Co-opted: Mr. 
J. G. Christopher, Mr. E. O. Danger, Mr. E. J. Elford, 
Mr. A. S. Tapsfield, Mr. R. Maxted, Mr. A. E. M. 
Taylor, and Mr. K. N. Hatton (secretary). 

The number of members of the Society attached 


to this section is 114, and the number of visitors thirty. 
On October 21 a discussion on “Siting of Street 
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Lighting Installations” was opened by Mr. J. G. 
Christopher, Mr. F. K. Garry, Mr. K. F. Sawyer, and 
Mr. L. M. Tye, each of whom contributed independ- 
ent schemes of lighting for prescribed thoroughfares. 

On December 9 a visit to various street lighting 
installations in Hackey, Hornsey, and Paddington 
was arranged. On January 27 a joint paper by Mr. 
J. Bertram and Mr. R. Maxted, entitled, “‘ Design of 
Street Lanterns,” led to an interesting discussion. 
The final meeting of the session, on March 17, was 
devoted to a paper by Mr. F. X. Algar, describing 
certain lighting installations in Dublin presenting 
several novel features. This, too, led to a good dis- 
cussion. 


Decorative Lighting Section. 

Organising Committee—Mr. A. W. Beuttell 
(chairman), Mr. Harold Bright, Mr. W. N. C. Clinch, 
Co-opted: Mr. M. H. Cotterill, Dr. S. English, Miss K. 
Halpin, Mr. G. Lovell, Mr. Waldo Maitland, Mr. E. H. 
Penwarden, Mr. R. O. Sutherland, Mr. L. Tucker, 
and Mr. D. W. Durrant (secretary). The number of 
members attached to this section is 129, and the 
number of visitors seventy-one. 

On October 25 a contribution on “What is the 
Trend of Decorative Lighting and Is It Desirable?” 
prepared by Mr. A. B. Read, was presented and dis- 
cussed. On November 22 there was a “Problems 
Evening ” devoted to Illuminated Fountains (Mr. A. 
Mansell), Cornices and Brightness; Laylights (Mr. 
A. W. Beuttell), and Unframed Glassware (Mr. G. 
Lovell). On January 24 Mr. H. Bright read a paper 
entitled “The Relation Between the Illuminating 
Engineer and the Fittings Designer.” 

On February 28 there was a paper by Mr. T. P. 
Bennett on “ Lighting of the Modern Cinema.” The 
final meeting on March 28 was devoted to a debate 
on “Can Illuminated Signs be Decorative? ”; initiated 
by Mr. Humphrey Baker, Mr. C. Williams-Ellis, Mr. 
E. Marshall Hardy, and Mr. John Langdon. (This 
meeting was arranged jointly with the Commercial 
Lighting Section.) 


Commercial Lighting Section. 

Organising Committee—Mr. W. J. Jones (chair- 
man), Mr. B. F. W. Besemer, Mr. F. C. Smith. Co- 
opted: Mr. T. Catten, Mr. E. S. Evans, Mr. A. Man- 
sell, Mr, E. O. Lemon, Mr. K. F. Sawyer, Major P. A. 
Smith, and Mr. R. G. Beuttell and Mr. A. W. Gostt 
(secretaries). 

This section, the most recently formed, has had a 
very successful first year. The number of members 
attached is 115, and the number of visitors 113. 
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* proceedings; (2) shall be invited by the President, as 


The opening meeting, on October 27, was devoted to 
a paper by Mr. H. Lingard entitled “Commercial 
Lighting Practice in the United States.” On Novem. 
ber 16 a discussion on “Combined Tungsten and 
Electric Discharge Lighting of Commercial 
Premises” was opened by Mr. W. R. Stevens. On 
December 7 two addresses were given by Mr. R. 0, 
Ackerley and Mr. A. Mansell on the “ Lighting of 
the Glasgow Exhibition.” 

The other two events were joint meetings, arranged 
in conjunction with the Industrial Lighting Section, 
on February 15, when Mr. H. Fletcher’s paper on 
“Maintenance of Lighting Installations” was read, 
and, in conjunction with the Decorative Lighting See. 
tion on March 28, when the debate on “Can IIlu 
minated Signs be Decorative?” took place. 


The Local Centres. 

There has been gratifying evidence of increased 
activity on behalf of the Local Centres during the 
past session. 

The newly formed Midland Centre, with head- 
quarters in Birmingham, has had a very successful 
first session, and has now over eighty members. 

The centre for the North Midland Area, formed 
last year, has also made substantial progress, and, 
having attained over 100 members, requested and 
received formal recognition—being thus the first 
centre to reach this stage of maturity. 

A demand has already arisen for the formation of 
local sub-centres in other cities within this area, 
operating under the main committee. Arrangements 
have been practically concluded for the formation of 
a sub-centre in Sheffield; it is hoped that sub-centres 
will also be formed in Hull and possibly other cities 
in the near future. 

The Council has been reviewing means of main- 
taining contact with the various Local Centres, and 
promoting co-operation on matters of common in- 
terest. It has been agreed that chairmen of Local 
Centres (whether formally constituted or no) (1) 
shall be Members of Council during their tenure of 
office; they will thus be entitled to attend Council 
meetings in London and to receive minutes of their 


guests of the Society, to attend the annual dinner 
in London and a special conference on the following 


day, at which members of the General Purposes 


Committee and the chairman of the Development 
Committee will be present. 

Both proposals have been carried into effect dur- 
ing the present session. The first conference, held 
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in London on March 15, proved to be a most useful 
and constructive one. 

The success of the visit to the research laboratories 
of the British Thomson-Houston Company, Ltd., at 
Rugby, which was attended by members from Lon- 
don and from Local Centres in almost equal propor- 
tions, has led to the suggestion that there should be 
at least one special event, partly of a social nature, 
such as would afford an opportunity for members 
from all parts to meet. It is suggested that each 
local section should undertake the organisation of 
an event of this nature in turn, and the North Mid- 
land Centre has been requested to explore the possi- 
bility of arranging such a gathering in its area in 
May, 1940. 


Meetings of Local Centres. 

The three papers dealing with the “ Revealing 
Power of Street Lighting,” read in London on 
November 8 by Mr. J. M. Waldram, Mr. C. Dunbar, 
and Mr. F. C. Smith, were presented again, before 
the North-Western Area Local Centre on November 
16, and before the North Midland Area on Decem- 
ber 12, 1938. 

All local centres included the visit to the research 
laboratories of the British Thomson-Houston Com- 
pany, Ltd., on February 14, in their programme, and, 
as mentioned above, a considerable number of 
members from such centres attended this meeting. 


Other meetings arranged were as follows: — 


NoRTH-WESTERN AREA (chairman, Mr. R. C. 
Hawkins; hon. secretary, Mr. James Sellars). 

On December 14 a special meeting was arranged 
in Rochdale, at which a paper on “ Lighting for Cot- 
ton Mills” was read by Mr. G. A Rae. 

Subsequent meetings were devoted to “ The Light- 
ing Requirements of a Large Store” (Mr. O. Way- 
good, January 18) and to “ Lighting and the Archi- 
tect ” (Mr. H. E. Elder and Mr. L. M. Tye, March 15). 


NortH Mipianp AREA (chairman, Councillor H. W. 
Sellers; hon. secretary, Mr. J. W. Howell). 

Papers on “Coloured and Directional Light as 
Applied to the Stage” (Mr. L. G. Applebee, Septem- 
ber 14), “Factory Lighting and Accident Preven- 
tion” (Mr. E. W. Murray, October 10), “ Decorative 
Materials and their Response to Light” (Mr. R. O. 
Ackerley, January 9), and “The Economics of Fac- 
tory Lighting” (Mr. W. F. Pogson, March 13) were 
presented. On November 18 the local centre held an 
annual dinner-dance, to which ladies were invited. 
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Mr. W. J. Jones (in the absence of the president) 
and Mr. J. S. Dow attended from London. 


MIDLAND AREA (chairman, Mr. Howard Long; hon. 
secretary, Mr. A. E. B. Wallis). 

Following the opening meeting on October 21, at 
which there was a display of lamps and lighting 
appliances and an address by Mr. E. Stroud, an illus- 
trated paper on “ Glass Manufacture” was given by 
Dr. W. M. Hampton (December 2), and a paper on 
“The Romance of Illuminating Engineering,” by Mr. 
F. S. Ette (April 14). An informal dinner and social 
evening was arranged on March 10, at which the 
president and the hon secretary were present. Mr. 
G. H. Wilson repeated the burlesque lecture which 
had first proved to be such a successful item at the 
informal social evening in London. 


ScoTLaND (chairman, Mr. A. Lindsay; hon. secre- 
tary, Mr. M. W. Hime). 

This centre also devoted an evening (November 15) 
to an exhibition of photometric and lighting equip- 
ment. Papers have been read on “Lessons to be 
Gained from the Lighting of the Empire Exhibition ” 
(Mr. R. O. Ackerley, October 19), “ Lighting by Gas” 
(Mr. A. R. McGibbon, December 21), “ Photometers 
and Photometry” (Mr. H. De Weerdt, January 18), and 
“Factory Lighting and the New Factory Act” (Mr. 
J. Galloway, February 15). 


IRISH FREE STATE (chairman, Mr. J. A. McConnell; 
hon. secretary, Mr. J. Creagh). 

Papers on “ The Physics of Light ” (Dr. H. H. Poole, 
October 18), “ Photometry ” (Mr. H. R. Ruff, Novem- 
ber 15), “Lighting Problems” (January 17), 
“Luminescent Tube Lighting” (Mr. C. W. 
Galton, February 21), and “Electric Filament 
Lamps” (Mr. E. D. McAlister, March 21) have been 
read. 

The Annual Dinner. 


The annual dinner, which took place at the Troca- 
dero Restaurant on March 14, once more proved very 
enjoyable and successful, the attendance on this 
occasion (approximately 350) being a record in the 
history of the Society. The toast of “ The Iluminat- 
ing Engineering Society” was proposed by Mr. H. 
Berry (chairman of the Town Planning and 
Building Regulation Committee, the London County 
Council), who referred to the co-operation of 
the Society with that body on various occa- 
sions, and emphasised the value of the services 
of the illuminating engineer to public bodies and the 
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need for a hallmark by which he could be identified. 
The president (Mr. Percy Good), in responding, re- 
ferred to recent events illustrating the growth of the 
Society and to his contact established with the Illu- 
minating Engineering Societies in Australia during 
his recent visit. The toast of “ The Guests” was pro- 
posed by Mr. F. C. Smith (vice-president), and re- 
sponded to by Mr. Howard Robertson (vice-president 
of the Royal Institute of British Architects). The 
assembly of guests was, as usual, representative of 
kindred bodies. A new step which met with general 
approval was the presence, as guests of the Society, 
of officers of the chief local centres. The remainder 
of the evening was devoted to dancing and social 
intercourse. 


Progress of the “ Transactions.” 

The volume of material published during last ses- 
sion—the third during which the “Transactions” 
has been issued—was again substantially increased. 
The number of pages in the “ Transactions” has in- 
creased by 25 per cent., and the quality of the papers 
read before the Society has been more than main- 
tained. 

In addition to contributions presented at general 
meetings, publicity has been given to the following 
papers read at sectional meetings: “The Re-lighting 
of the Borough of Wandsworth” (read by Mr. E. J. 
Elford before the public lighting section in the pre- 
vious session), “The Photometry of Projectors,” by 
Dr. W. M. Hampton, and “ Visual Telephotometry,” 
by Mr. L. J. Collier, both read before the photometry 
section. In addition the following communications 
have appeared: “The Calculation of Light Output 
from Opal Fittings,” by Mr. J. G. Holmes, and “A 
Gauge for Siting Light Sources on Bends” and “A 
Scale for Plotting Intensity Distribution of Street 
Lighting Lanterns,” by Mr. J. M. Waldram. 

The “Recommended Values of Illumination” 
(second revised version) and the “ Report on School 
Lighting,” both prepared by panels of the Society 
operating under the technical committee, have ap- 
peared in the “ Transactions,” and have since been 
reprinted in pamphlet form. 

Commencing with the issue of the “ Transactions ” 
for January, 1939, onwards, certain modifications and 
improvements in the “Transactions” have been 
made. A somewhat more widely spaced and more 
readable type has been substituted, and the summary 
of contents now appears on a cover of grey paper 
which contains no other printed matter. 

The addition of this cover, which affords more pro- 
tection to the contents of each issue, facilitates the 
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keeping of individual copies of the “ Transactions” 
in loose-leaf binding cases, which is considered a 
unique and special advantage of the method of publi- 
cation adopted by the Society. It also, however, 
makes it possible for those members who prefer to 
bind the “ Transactions” permanently to preserve 
the sequence of pages without inconvenient gaps. 


The problem of giving publicity to the very con- 
siderable number of papers now read at sectional and 
local meetings is a somewhat difficult one, and the 
existing arrangement whereby supplementary ac- 
counts of such papers and discussions appear in 
“Light and Lighting” has proved very helpful. 


The Library. 

The work that has been initiated at 32, Victoria- 
street by Mr. J. B. Score-Smyth, as honorary 
librarian, is now practically completed. The 
card index of available books, grouped and stamped 
with appropriate reference numbers, is available for 
the inspection of members, by whom books are 
already being borrowed in increasing numbers. The 
special bookplate has now been prepared and in- 
serted in all volumes (approximately 300), of which 
it is hoped to issue a printed list in the near future. 

The thanks of the society are due to all those who 
have generously aided the assembly of this nucleus 
of books on illumination by gifts of volumes and 
money. It is hoped that authors concerned with the 
work of the Society will continue to present copies 
of any new books published so that the library may 
be kept completely up to date. 


Membership. 

Substantial additions to the membership of the 
Society have accrued during the past session. The 
total membership of all classes at the moment is 
over 950—a gain of approximately 150 during the 
year. Of this number over 500 are Corporate Mem- 
bers. It has accordingly become necessary to make 
formal application for the registration of an increase 
in the original number (500) specified in the 
Articles. 
The increase in the activities of the Society de- 
mands a corresponding increase in resources, which 
can only be met by a vrogressive increase in mem- 
bership. It is hoped, therefore, that every member 
will do his best to interest others in the work of 
the Society, in which case it may well be hoped that 
the aim which we have had before us for several 
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years—the attainment of a total membership otf 
1,000—will be realised in the near future. 


A Status Grade of Membership. 

The initiation by the City and Guilds Institute 
of examination in illuminating engineering, an- 
nounced in the report for last session, has drawn 
attention to the admitted need for some form of 
special grade of membership, indicating the posses- 
sion of technical qualifications. The Council has had 
this matter before them for some considerable time, 
and in the course of the present session draft condi- 
tions for a Status Grade of membership have been 
prepared and approved in principle, and have been 
circulated to chairmen of local centres for their 
inspection. 

This scheme will be brought before members of 
the Society for their consideration as soon as the 
necessary changes in the Articles and bye-laws have 
been explored and the legal position clarified. 

The proposed scheme does not impose any new 
conditions of membership in the Society, which will 
continue to be open to all interested in the objects 
which it serves. This is in accordance with the 
principle outlined when the Society was first formed, 
that it should be essentially a cultural body, rather 
than an exclusively professional one. 

The scheme would, however, make it possible for 
those members who desire recognition of their 
technical qualifications to apply for a special distinc- 
tion, such as the title of “Fellow,” which would 
carry with it the right to the use of the letters 
“F.LES.” 

This distinction would be conferred only on 
corporate members of the Society who were able to 
satisfy certain conditions, amongst which the passing 
of the examination of the City and Guilds Institute 
(or other approved alternative tests), and evidence of 
practical experience in illuminating engineering 
over a period of years would be included. 

It is believed that such a scheme would, when 
adopted, satisfy the growing demand for some recog- 
nition of technical ability, and would provide the 
much-needed “hallmark” by which the expert 
illuminating engineer could be identified. 


Financial Position. 
The accounts for the past year, which are attached, 
reflect very clearly the increased activities of the 
Society. Expenditure in several directions has in- 
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creased considerably, notably the expenses of 
Sectional and Provincial meetings, and the increased 
cost of the Transactions. This is a natural conse- 
quence of the initiation of new sections and local 
centres, and the increase in the volume of matter 
published, which have been the subject of comment 
earlier in this report. 


These activities have undoubtedly contributed 
largely to the gratifying increase in membership 
during the past year with the result that the annual 
income from subscriptions has increased by over 
£200. Nevertheless, the result is a somewhat narrow 
surplus of income over expenditure (£27 0s. 7d.) for 
the past year. 

As, however, no further additions to the number of 
sections and local centres is anticipated in the im- 
mediate future, and as a further increase in member- 
ship may well be realised, it is hoped that income 
will once more draw ahead of expenditure. 

No change has occurred in the reserve funds of the 
Society, which remain invested in £1,500 of 33 per 
cent. War Stock. 

One consequence of the recognition of the North 
Midland Local Centre, as a formally constituted 
Local Centre with control of its own finances, will 
be the addition, in future, of a new sectional account, 
showing the amount received by this centre in re- 
spect of share in subscriptions and the allocation of 
this amount to local activities. 


Relations with Other Bodies. 

The assistance of experts associated with other 
organisations has proved very helpful in connection 
with several investigations completed during the 
past session. 

The Committee of the Society concerned with the 
Artificial Lighting of Schools was fortunate in being 
able to take into consultation experts associated with 
the Board of Education, the London County Council, 
and the National Institute of Industrial Psychology. 
Similarly the committee responsible for the report on 
the “Lighting of Cinema Auditoriums,” appointed 
in order to investigate certain points raised by the 
London County Council, had the advantage of the 
assistance of an expert from the architects’ depart- 
ment of the Council, and of representatives of the 
cinema industry. 

The reports of both these committees have ap- 
peared in the “ Transactions.” The report on Cinema 
Lighting has also been officially presented to the 
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London County Council who, in recognition of the 
value of this work and of researches previously con- 
ducted on this subject, has intimated its intention of 
making a grant of fifty guineas to the funds of the 
Society. 

The report of the departmental committee formed 
by the Home Office to deal with factory lighting, on 
which several members of the Society are serving, 
and of which Sir Duncan Wilson, the Chief Inspector 
of Factories and a past president of the Society, is 
chairman, issued an interim report in Novem- 
ber, 1938. The proposals for minimum values of 
illumination contained in this report to which, it is 
hoped, legal status will shortly be given, represents 
a most important step in connection with industrial 
lighting. It is hoped that these proposals will be 
supplemented by other important recommendations 
when the committee has completed its task. It is 
worthy of note that the meeting at which this report 
was discussed, and over which Sir Duncan presided, 
attracted the largest attendance in the history of the 
Society. 

On several occasions the Society has enjoyed the 
co-operation of other bodies in connection with dis- 
cussions of mutual interest. On December 19, 1938, 
Mr. T. Catten’s address on “ Lighting in Relation to 
Production ” was presented to a joint meeting with 
the Institution of Production Engineers, whilst rep- 
resentatives of the Master Sign Makers’ Association 
and other bodies interested took part in the debate on 
“Tiluminated Signs” on March 28. 

Members of the Society continue to take an active 
part in the work of other organisations interested in 
illumination. The Society appoints annually repre- 
sentatives to serve on the National Illumination Com- 
mittee. A considerable number of its members serve 
on the various committees operating under the 
National Illumination Committee, the British Stan- 
dards Institution, and the Department of Scientific 
and Industrial Research. 

It is hoped that the Society will be well represented 
at the forthcoming meeting of the International Com- 
mission on Illumination, which is to take place in 
Holland in June next. 


Programme for the Next Session. 
The programme for the 1939-40 session is now in 
course of preparation. Offers of papers and sugges- 
tions in regard to meetings, visits, or other special 
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events will be welcomed by the Honorary Secretary. 
Special importance is attached to contributions of an 
original character. It is particularly desired that the 
manuscripts of papers should be received in good 
time before the opening of the session in October 
next, so that ample time may be available to allot 
dates, and to take any measures necessary to ensure 
informative and successful meetings. 


In addition to the general programme of meetings 
in London, the attention of members is also drawn 
to the activities of the informal local centres and of 
the various Special Sections for which independent 
programmes are arranged. ‘ 


The activities of the newly formed Centre in 
Birmingham and the launching of the new Section on 
Commercial Lighting illustrate the continual expan- 
sion of the Society’s activities. There are now in 
existence five Local Centres and five Special Sections. 
Whilst no increase in the number of either type of 
organisation is anticipated in the immediate future, 
the formation of sub-centres in various provincial 
cities operating under Local Centres is a natural and 
probable development. 

The success of such efforts depends largely on de- 
centralisation of effort and on the co-operation of 
members as a whole, and the Council desires to take 
this opportunity of acknowledging the aid of those 
who are already acting on committees or undertaking 
secretarial duties. They would also welcome offers 
of service by others who are prepared to help in the 
considerable amount of administrative work which 
these new ventures involve. 


National Service. 
The Council has called the attention of the 
authorities to the special position of the Society and 
has offered its services in resolving illumination 


problems of national importance during the present 
emergency. 


Percy Goop 
(President). 


Joun S. Dow 
(Hon. Secretary). 
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NATIONAL ILLUMINATION COMMITTEE FUND, 31st DECEMBER, 1938. 
£ »s. d. > ee: € oa 
Fund at beginning of the year 354 3 10 Balance :— 
War Stock Interest “a 10 10 0 Cash at Bank ... _— ro nn RE Z 
Deposit Interest 5 3 Invested in £300 34 per cent. Registered 
Sundry Receipts 21 0 War Stock at cost ... a - 06 8 6 
(Value on Dec. 31st, 1938, £294) —— 367 0 1 
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We have examined the above accounts with books and vouchers, and certify same to be correct in accordance therewith, and 
that the Balance Sheet exhibits a true and correct view of the Society’s affairs according to the information and explanations given to us. 


Dated this 13th day of February, 1939. 


ROBERT J. WARD & CO., 
40, Chancery Lane, 


Chartered Accountants, 


London, W.C.2. 





Applications for Membership. 


Elections Pending. 


At the general meeting on May 9, the names of the 
following applicants for membership were presented 


for the first time:— 


CORPORATE MEMBERS : — 
SCTE, Lacscdcwsentesed 


ee 


Campbell, J. H. ...... 


84, Montgomery Road, SHEF- 
FIELD 7. 


2, Prospect Road, Bradway, 
SHEFFIELD. 


Sheffield Corporation Elec- 
tricity Department, Commer- 
cial Street, SHEFFIELD. 


Cherion, 3.G. ....%::5: 37, Folds Crescent, SHEF- 
FIELD 8. 

ES MI vec cussennn -_ Glossop Road, SHEFFIELD 

Seamer, BF. oii... 123, Colin Crescent, Hendon, 
Lonpon, N.W.9. 

Davidson, E. J. ........33, Herbert Avenue, Merrion, 
DUBLIN. 

Drabble, H: E. .......... High Street, Staveley, nr. 
CHESTERFIELD. 

SS UG: is ccnonccincd South Suburban Gas Co., 
rte Sydenham, Lonpon, 


Grimshaw, J. F. ...... 


Canada Works, Charles Street, 
SHEFFIELD. 


a eee Metropolitan Vickers Elec- 
trical Co., Ltd., Chapelwalk, 
SHEFFIELD. 

es ee. Cee Air Defence Experimental 
Establishment, Biggin Hill, 
KENT. 

Leighton, H. B. ......... 68, Upper Albert Road, Meers- 
brook, SHEFFIELD, 8. 

Peron, A: Ef. .........08 12, Ferndale Avenue, Houns- 


Taylor, E. G. R. ........ 


ee. FAS We ices eccsescs 


Wheeler, H. 


CouUNTRY MEMBERS :— 
Berryman, R. A. ...... 


Elections Completed. 


Low, Middx. 
c.o. British Thomson-Houston 
Co., Ltd., Campo Lane, SHEF- 
FIELD. 
The Nook, Bradway, 
FIELD. 


Trafalgar Street, SHEFFIELD 1. 


SHEF- 


53, St. George’s Terrace, 
Perth, WESTERN AUSTRALIA, 


At this meeting the names of those announced on 
April 18, which were published in the “ Transactions” 


(Vol. IV., April, 1939, p. 57) 


were presented again, and 


these applicants were formally declared members of 


the Society. 





The Illuminating Engineering Society is not, as a body, responsible for the opinions 
expressed by individual authors or speakers. 


With a view to avoiding possible confusion with other publications, reference to 
these Transactions should be in the form :—** Trans. Illum. Eng. Soc. (London).” 
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DAYLIGHT FACTORS FOR EFFICIENT WORKING AND THEIR 


PREDETERMINATION 


By T. C. ANGUS (Member) 


(Dept. of Industrial Physiology, London School of Hygiene & Tropical Medicine). 
(Communicated) 


The small research here described is the result 
of an encounter in everyday life with two problems 
connected with fenestration. Such problems, by 
their very familiarity, have often passed into common 
acceptance as soluble by “ common sense,” and so 
considered not to be amenable to a numerical treat- 
ment. That the experiment here described was en- 
tirely uncontrolled was unfortunately unavoidable. 
One subject only was concerned, but, as will be 
shown later, it may not be unreasonable to consider 
that his acuity of vision and illumination require- 
ments may fairly be taken to represent an average. 


The Problem. 

In a small private workshop of the kind so com- 
monly found attached to homes in this country: a 
little wooden room where a considerable variety of 
mechanical tasks may be undertaken, from repairing 
a bicycle or a piece of furniture to making a model 
or a new part for an instrument: the owner had 
known for a long time that he was not obtaining 
sufficient illumination from the one small window. 
Because over a period of some nine years this poor 
lighting became more insistently apparent, it may be 
interesting to examine the circumstances in detail, 
for it is obvious that here was a border-line condi- 
tion, not satisfactory for the continuance of work 
but also not bad enough to have called for immediate 
action when first encountered. 


The Symptoms. 

Perhaps the most striking indication that all was 
not well with the daylight was the frequency with 
which the artificial lighting was called for. When 
the workshop was first fitted up, in a matchboard 
room that had been erected in part of a very old 
timber outbuilding, an ample and well-distributed 
system of gas lighting was installed (G,, G,, G,, 
Fig. 1). It was found in winter time that there was a 
craving for artificial light at a much earlier hour than 
lights were needed in the adjacent dwelling house. 
Often the gas would be lighted early in the afternoon 
and sometimes in the morning when any particularly 
delicate piece of work had to be performed on a dull 
day. 

Fig. 1 is a plan of this workshop showing the posi- 
tion of the window, benches and lights. The gross 


area of this single window’s glass was 314 in. x 37} in., 
the bottom edge being 33 in. above the floor. At the 
carpenter’s vice (C) there was often considerable 
difficulty experienced in seeing the pencil or scribed 
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Fig. |. Plan of the workshop showing window, shylights and gas 
fittings. 


Daylight Factor. 

(C) window 1.1% ... Window and skylights 5.0%. 

(M) window 4.8% ... Window and skylights 9.3%. 

(L) window 12.6% ... Window and skylights 15.6%. 
marks on the work, the piece frequently having to 
be turned round in the vice in order to work to the 
lines. Worst of all, it was sometimes necessary to 
carry the jobs to the window to see if they were 
being worked properly—a process fatal to good 
workmanship 

The Diagnosis. 

It was at last decided to examine these un- 
satisfactory conditions by means of the Waldram 
Daylight Factor Gauge ('). As will be seen in Fig. 1 
the 34 in. screw-cutting lathe (L) has the place of 
honour in front of the window, and a three-burner 
gas pendant (G,)—movable in all directions—tc- 
gether with a single fixed burner (G,), on a white- 
painted wall, lighting up the surroundings on the left 
near by, enables a good illumination to be obtained 
at the lathe after dark. 50 ft.c. can also be obtained 
on the metal-working vice (M) when the two 
movable gas burners (G, and G,) are in use. The 
daylight illumination on the lathe in front of the 
window was found to be sufficient; it was not found 
to be sufficient anywhere else in the workshop. 

Next in order of importance came the metal- 
working vice on a bench to the right of the window 
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(M) and the miniature wood-working lathe and saw 
(S) on the left. The carpenter’s bench (C) is in the 
middle of the room. 

The daylight illumination at the metal-working 
vice was not good, being clearly insufficient for com- 
fortable and accurate work in anything but the 
brightest of weather. On dull days additional gas- 
lights were called for and sometimes the position of 
the work in the vice had to be changed in order to 
see. The daylight illumination at the wood-working 
vice was even worse than at the metal-working vice 
—albeit, less accurate fitting was required there. 
There was an impression of poor lighting here even 
on a bright day, this being, perhaps, partly due to 
the unidirectional character of the light. 

Daylight factors attributable to the one window 
were measured and found to be 4.8 per cent. at the 
metal vice (M) and 1.1 per cent. near the wood- 
working vice on the bench at (W). Between the 
centres of the 34-in. lathe (21 in. from the window 
glass) the daylight factor was 12.6. The first two 
of these values were found to be unexpectedly 
large, in yiew of the accepted 0.5 per cent. daylight 
factor recognised as a minimum allowable value in 
schools in this country, and 0.2 per cent. as a mini- 
mum for offices and such-like buildings. But it 
should be remembered that these values were found 
to represent a minimal requirement for clerical 
work(*): they have never been recommended as 
desirable for any kind of visual task. On the other 
hand, the League of Nations Bulletin of the Health 
Organisation(*) states that other nations set higher 
standards than these. There are many standards 
of the artificial lighting deemed desirable for the per- 
formance of various classes of visual tasks after dark: 
there appear to be no equivalent standards of desir- 
able daylight factor for working during the day.* We 
know, however, that a watchmaker sits as near as 
possible to a window with a daylight factor that must 
approach 20 per cent. and works against a white- 
paper background; whilst a blacksmith often works 
in semi-darkness. 

The Remedy. 

It then became desirable to determine to what level 
the daylight factor should be raised at the carpen- 

* Since this article was written the Fourth Report of the 
Departmental Committee on Lighting in Factories has been 
published. This report states that the newer factories 
seldom give cause for criticism in respect of daylight re- 
quirements, and that the introduction of legal standards 
appears to be unwarranted at present. 

In older buildings it is advised to make compulsory the 


provision of additional artificial illumination at all working 
places where the daylight factor is less than 0.2 per cent. 





ter’s bench above the existing 1.1 per cent. which was 
proving to be so inadequate. 

In.view of the logarithmic response of the eye to 
light a ten-fold increase in daylight factor appeared 
to be reasonable. Luckiesh and Moss(‘*), on the 
other hand, point out that to obtain a really marked 
improvement in any existing illumination its inten- 
sity should at least be doubled to produce an obvious 
and significant improvement in seeing. These 
authors write:— 

“The science of seeing emphasises the fact that 
there are only two cardinal levels of illumination. 
Briefly expressed, they are:— 

1. Foot-candles for barely seeing. 
2. Foot-candles for easiest seeing. 

Already a great amount of knowledge of seeing 

shows that these two levels are far removed from 

each other.. Anyone can determine approxi- 

mately the level of illumination under which a 

given object can barely be seen or a given visual 

task can barely be performed. With some care and 
simple apparatus this can be determined with con- 
siderable exactness. However, the level of illu- 
mination for easiest seeing cannot be determined 
by a single experiment or even by a single com- 
plex one. No single criterion is available for such 

a determination.” 

Practical considerations in the light of these 
opinions suggested that the illumination at the worst 
point concerned should be increased five-fold. How 
was this increase to be effected? P. J. Waldram(*) 
gives graphical methods by which a draughtsman 
can fix the sizes, positions, and numbers of windows 
required to give a desired daylight factor at any point 
in a room. This is a valuable method for the use of 
architects and all connected with the designing of 
workshops and factories, but in the present instance 
the job was a very small one, no drawings were 
ready, and there was a disinclination to master a new 
graphical method that might not have to be em- 
ployed again for a long time. 


A Moving “ Window.” 

The Waldram daylight factor gauge used in this 
research is constructed very much like the well- 
known view-finder of a hand camera. It is placed 
at the point on work-bench or desk at which the day- 
light factor is to be determined: where, in fact, the 
visual task is to be performed. When the lens of the 
gauge is directed at any window or skylight an image 
of that part of the unobstructed sky visible through 
this window is sharply focused upon one of a set of 
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graticules. By a series of lines on these graticules 
the daylight factor that the window affords is easily 
evaluated. The total: daylight factor, expressed 
as a percentage, is the sum of these values from all 
windows and skylights directly illuminating the 
point in question. 

What was now required was a source of light repre- 
senting a window, bright enough to be visible on the 
graticules of the gauge but variable in shape and 
size, and at the same time movable as requisite, so 
that by placing it on the walls or the ceiling—any- 
where, in fact, where the construction and the ameni- 
ties of the building would allow the making of an 
opening—the daylight factor that would result from 
such an opening could be read off at once and with- 
out any calculation. It would then be very easy, by 





Fig. 2. Type of Lamp, Holder and 


Pin used. 


altering the size of this “ window,” or its position, or 
both, to find the position and shape of a proposed win- 
dow that would give the desired illumination. 

Such a dummy “ skylight” was easily constructed 
by four 33-volt. pocket-lamp bulbs fitted in bakelite 
screw holders. These bakelite holders are so light 
that they may be temporarily and safely held on any 
ordinary wall or ceiling by means of the brass-headed 
steel needles used for the “ X hook” type of picture- 
hanger. No noticeable mark is thus left on the 
decorations when the lamps are removed, and the 
whole equipment (except for the flexible wire, bat- 
tery, or bell transformer) may be purchased at a 
well-known chain store for less than one shilling. 

It was found that four such lamps, if arranged in 
a rectangle, would clearly indicate on the graticule 
of the Waldram daylight factor gauge the position 
of the proposed window, and would, provided that 


there was no outside obstruction, enable the result- 
ing daylight factor to be obtained very readily.* 

In the workshop under consideration the structure 
and main timbers of the outbuilding prevented the 
making of any new windows in the walls, but there 
was no inherent difficulty in putting skylights in the 
roof. 

Fig. 3 shows how four of the pocket-lamp bulbs, 
supported as described, were pinned on to the ceil- 
ing. On moving these about it was easy to find a 
position where the images of their lights in the day- 
light factor gauge gave a daylight factor of the 
required value. One arrangement gave an additional 
daylight factor of 4.4 per cent. at the carpenter’s vice 





Fig. 3. Dummy “Skylight’’ marked with 


small lamps. 


and an additional daylight factor of 4.3 per cent. half- 
way along the metal-working bench (not at the vice), 
giving, with the original daylight factors at these 
places of 1.1 per cent and 1.0 per cent., due to the 
window, total daylight factors of 5.5 and 5.3 per cent. 
respectively. 

It was finally decided to utilise three standard, 
glazed, corrugated iron roof lights, each having a free 
glass area of 2.43 sq. ft. Their positions are shown in 
Fig. 1, in broken lines. When these had been duly 





_* This method is open to the objection that no account is 
thus taken of obstructions, such as houses, external to the 
building. 

In the present example additional skylights were used and 
so this objection did not hold. Otherwise it is suggested that 
by determining the angle between the top of the external 
obstruction and the horizontal a line may be drawn on the 
inside of the wall indicating the lowest useful part of a 
window to light any given work-place directly from the sky. 
The two bottom lamps of the movable dummy “ window ” 
would then never be placed below this line. 


ee 
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fitted in the roof, and the inner roof lining cut away, 
the daylight factor gauge was again used. 

The daylight factors, as found before and after 
adding the skylights, are tabulated below :— 


Final Total 
By By 3 Daylight 
Window _ Skylights Factors 
per cent. per cent. per cent. 
Carpenter’s Vice (C) 1.1 +3.9 =5.0 
Metal Working 
Vice (M) 48 +4.5 =9.3 
3}-in. Lathe, between 
centres (L) 12.6 +3.0 =15.6 


Fig. 4 is a photograph of the new skylights taken 
with the camera on the floor. It is interesting to 





Fig. 4. New Roof Lights—from below. 


note that the small wooden bracket that can be seen 
supporting the movable gas light obstructs as much 
as 0.14 per cent. of daylight factor at the carpenter’s 
vice. 

Fig. 5 shows the window and skylights as they 
appear from outside. 

Fig. 6 is an interior view of the little workshop 
before the skylights were fitted. The daylight factor 
gauge may be seen near the metal vice (M). The 
position of the gauge when at the woodworking vice 
(C) was near to the 2-ft. rule that may be seen 
lying on the carpenter's bench near the bottom of the 
picture. 

The Result. 

The improvements that resulted from this addi- 
tional daylight were striking. On entering the little 
workshop everyone who had known it before the 


alteration was immediately impressed with a sense 
of freedom and lightness, the absence of which had 
passed unnoticed in previous years, as so frequently 





Fig. 5. The building from without. 


happens where the needs of the long-suffering human 
organism are concerned. 

It was found that there was no desire to light the 
gas before it was required in the house, and, by com- 
parison, all visual tasks except those on the lathe 
became notably easier and more agreeable to per- 
form. There was a noticeable lessening of fatigue 
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Interior. 


an 








sense 
=h had 
uently 


iman 


t the 
com- 
athe 
per- 
igue 
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and sense of tiredness of the eyes at the end of a day’s 
work. 

Further experiments have shown that when doing 
clerical work in winter time the owner of the work- 
shop switches on the electric light when the failing 
afternoon light on his table falls to an intensity ot 
from 5 to 4 ft.c. A portable photometer being usea 
on the table just when it has been decided to switch 
on the light. It has been shown that in a large ex- 
periment of this kind, where automatic records were 
made of the daylight intensity at which a number 
of clerks in Government offices turned on their indivi- 
dual reading lamps towards dusk, 5 ft.c. was an 
average minimum intensity for the group (°). 

The subject here is forty-seven years of age and 
wears glasses to correct a slight astigmatism and 
strabismus, so perhaps his eyesight may better be 
considered to represent that of the average industrial 
worker rather than that of an individual with per- 
fectly normal vision. 


Conclusion. 


The experiments show that, for the one subject 
concerned, daylight factors of 1.1 per cent. and 4.8 
per cent. were insufficient for easy and accurate 
woodworking and metal working, respectively. A day- 
light factor of 12.6 per cent. was, however, found to 
be adequate when using a 3}-in. metal turning lathe, 
and increasing this daylight factor to 15.6 per cent. 
produced no noticeable improvement. Raising the 
daylight factors to 5.0 per cent. and 9.3 per cent., by 
additional skylights, secured ample natural illu- 
mination for this subject when working on wood and 
metal, respectively. In the light of a previous 
research, the subject, when engaged on clerical tasks, 
shows no undue desire for excessive daylight in com- 
parison with a group of clerks. The limitations of 


this small research are fully realised: possibly the 
need for a much fuller investigation into an im- 
portant industrial question may be shown by the 
above findings. 

Summary. 

Adequate and inadequate daylight illuminations 
by which a man was able to perform a variety of 
manual tasks were measured. A simple means to 
find the sizes and positions of windows or skylights 
that will give a required daylight factor at any point 
in a room is described. The method described is 
suitable for use in much larger buildings. 
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The annual general meeting of the Illuminating 
Engineering Society was held in the Lecture Theatre 
of the Institution of Mechanical Engineers (Storey’s 
Gate, Westminster, S.W.1) on Tuesday, May 9, 1939. 
Members assembled for light refreshments at 6.30 
p.m., and the chair was taken by THE PRESIDENT (Mr. 
Percy Good) at 7 p.m. 

The Honorary SECRETARY having read the notice 
convening the meeting, the minutes of the last 
annual general meeting, which had been published, 
were taken as read, and confirmed. 

THE PRESIDENT then presented the report of the 
Council for the past session, which had been circu- 
lated to members. In doing so he drew attention to 
certain outstanding developments, commenting on 
the continued success of the Special Sections and on 
the progress of the two most recently formed local 
centres—those for the North Midland and Midland 
areas—by whom sub-centres in Sheffield and Notting- 
ham were being respectively formed. Reference was 
also made to the annual dinner, at which there had 
been a record attendance, to the progress made in 
forming the nucleus of a library of books on illumina- 
tion and photometry, and to the useful work done 
by members of the Society in connection with the 
recently issued Report of the Departmental Commit- 
tee on Factory Lighting, and the report made to the 
London County Council in regard to the lighting of 
cinema auditoriums. 

The President also drew attention to the section 
of the report dealing with a Status Grade of Mem- 
bership and the proposed recognition of technical 
qualifications involved in the title of “ Fellow.” He 
expressed the hope this description, with broadly 
similar qualifications, would be adopted likewise by 
the Illuminating Engineering Societies in Australia 
and in the United States of America. 

After expressing appreciation of the services of the 
Honorary Secretary and his staff, of the work of Mr. 
E. Stroud during his period of office as Honorary 
Treasurer, and of the valuable help rendered by 
members on committees or as officers of the Special 
Sections and Local Centres, the President, in conclu- 
sion, referred with pleasure to the presence of Mr. 
Preston S. Millar, an original member of the Society 
and a Past-President of the Illuminating Engineering 
Society in the United States. 

A resolution—“ That the Report of the Council for 
the Session 1938-1939 and the Accounts of the Illu- 
minating Engineering Society for the period from 
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January 1, 1938, to December 31, 1938, be hereby 





adopted, and that a vote of thanks be extended to the 
President, Council, and Officers for their efforts on 
behalf of the Society during the past Session ”’—was 
proposed by Mr. A. Blok. He, too, drew attention to 
the evidence of growth contained in the report, and 
congratulated the President: and Council on the ex- 
cellent work accomplished. He commented especially 
on the fact that the Society had now five Special 
Sections and five Local Centres in operation, with the 
result that something like fifty meetings took place 
during the past session. The resolution, having been 
seconded by Mr. C. A. Masterman, was put to the 
meeting and declared carried unanimously. 

In conclusion, a resolution—‘ That this meeting 
records its appreciation of the services of Messrs. 
Robert J. Ward and Co. as auditors of the Society 
and approve of their re-election for the next session ” 
—was proposed by Mr. G. Lovell and seconded by 
Mr. J. G. Christopher, and, on being put to the meet- 
ing, was also carried unanimously. 

This closed the business of the annual general 
meeting. 

Immediately afterwards a general meeting was 
held in the course of which the usual announcements 
in regard to membership were made. 

The President then delivered his address which, 
after reviewing the position of the Society and giving 
some account of his recent visit to Australia and New 
Zealand, discussed the important topic of industrial 
standardisation.* ; 

A vote of thanks to the President for his address 
was moved by Dr. S. English (Past-President), who 


recalled longstanding and important work services } 


rendered by Mr. Good to the cause of standardisation, 
and emphasised the useful constructive work carried 
out by him on behalf of the Society during his visit 
to the Antipodes. 

If the conception of a status grade of membership 
and the distinctive mark of technical ability which it 
afforded could be realised this would be in itself a 
piece of standardisation of priceless value. 

Mr. Preston S. Millar, in supporting the vote of 
thanks, expressed his gratification in participating, for 
the first time, in a meeting of the Society in London. 

The vote of thanks having been carried with 
acclamation, the President briefly expressed his 
thanks, and the meeting then terminated. 





* Trans. Illum. Eng. Soc. (London), Vol. IV., No. 5, May, 
1939, p. 81. 
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_ Mr. Dunbar briefly replied. 








NOTES ON RECENT MEETINGS AND EVENTS 


Sectional Meetings. 


Public Lighting Section.—At a meeting held at the 
E.L.M.A. Lighting Service Bureau, London, on 
March 17, an address on recent developments in the 
public lighting of Dublin was delivered by Mr. F. X. 
Algar. Mr. E. Stroud presided. The paper dealt 
with two installations having interesting character- 
istics. That in the centre of Dublin City was pro- 
vided for a series of exceptionally wide streets, which 
were illuminated by specially designed fittings 
mounted on either side of the street, so as to leave 
the carriageway completely clear. The other in- 
stallation, on the main Dublin-Dalkey traffic route, 
utilised fittings of the cut-off type. The lecturer 
illustrated both types of installations by numerous 
lantern slides, quoted figures for the illumination 
provided, and remarked on the good conditions of 
visibility obtained. The paper led to a keen discus- 
sion, which was opened by the President (Mr. Percy 
Good). Others who took part were: Dr. S. English, 
Mr. G. H. Wilson, Mr. F. C. Smith, Mr. J. M. Waldram, 
Mr. A. Cunnington, and Mr. J. S. Dow. Mr. Algar, 
having replied to the discussion, was complimented 
by the chairman on his interesting address, and a 
vote of thanks to him concluded the proceedings. 


Photometry Section.—A subject of great scientific 
interest was discussed at the last meeting of the 
session, held at the E.L.M.A. Lighting Service 
Bureau on April 4, when an address was 
given by Mr. C. Dunbar on the _ principles 
underlying the design of Visibility Meters. 
The author discussed the interpretation of results 
obtained by various instruments of this type avail- 
able at the present time, and the various devices that 
had been adopted in making measurements such as 
the use of wedges of graded absorption, which also 
produced a certain diffusing effect. In the subse- 
quent discussion, which was opened by Col. C. H. 
Silvester Evans, the difficulty of drawing general 
conclusions in regard to different industrial opera- 
tions from measurements made with a certain type of 
meter, and the importance of care in interpretation 
were emphasised. Dr. J. W. T. Walsh, Dr. W. S. Stiles, 
Mr. J. S. Dow, Lt.-Col. Kenelm Edgcumbe, and Mr. 
J. M. Waldram also joined in the discussion, to which 
A vote of thanks to 
Mr. Dunbar terminated the proceedings. 


(A fuller account of both the above addresses and 
the ensuing discussions will appear in the “ Trans- 
actions” in due course.) 


Decorative and Commercial Lighting Sections.— 
These two sections combined in a joint meeting, 
held at the Caxton Hall, London, on March 28, when 
Mr. A. W. Beuttell (chairman of the Decorative 
Lighting Section) presided. The meeting was 
devoted to a discussion on the topic, “ Can Illuminated 
Signs be Decorative?” Mr. Beuttell, in opening the 
proceedings, explained that the meeting had been 
arranged with a view to providing an opportunity for 
discussion by the chief interested parties. Mr. John 
Langdon (secretary of the Master Sign Makers 
Association), Mr. C. J. Rose (president of the Incor- 
porated Association of National Advertisers), Mr. 
Ian McLaren (architect), and Mr. Humphrey Baker 
(of the Society for Checking Abuses in Public Adver- 
tising), had kindly consented to attend and express 
their respective viewpoints. 

After these four gentlemen had in turn addressed 
the meeting the subject was thrown open for discus- 
sion, and a number of members of the Society and 
visitors took part. Such points as the relation 
between effectiveness and cost of signs, the problem 
of reconciling effectiveness as an advertisement and 
avoidance of injury to amenities, the need for co- 
operation between the architect and the signmaker, 
and the expediency of a common policy in allotting 
positions to signs and preventing clashing, one with 
another, were emphasised. After the original 
speakers had again addressed the meeting and had 
dealt with points raised in the discussion, Mr. W. J. 
Jones (chairman of the Commercial Lighting Sec- 
tion) wound up the meeting by a final address, in the 
course of which he proposed the following resolu- 
tion :— 

“That in the opinion of this meeting there should 
be a conference between the official bodies of the 
interests responsible for illuminated signs and of 
those which represent public opinion to explore the 
possibilities of co-operation.” 

The resolution, on being put to the meeting, was 
declared carried unanimously. A vote of thanks to 
the various speakers concluded the proceedings. 


Meetings of Local Centres. 

Midland Local Centre—An instructive address 
on “ The Romance of Illuminating Engineering ” was 
delivered by Mr. F. S. Ette on April 14. The paper 
traced the development of sources of lighting and 
the parallel course of progress in knowledge of their 
application. 
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NOTES ON RECENT MEETINGS AND EVENTS 


Local Sub-Centres. 

A development of great interest, illustrating the 
growth of activity on the part of Local Centres, is 
the recognition that the time is ripe for the forma- 
tion of local sub-centres in certain cities, operating 
under the main committee for the local area con- 
cerned, but with a committee and programme of 
their own. 

The first step in this direction was recently taken 
by the North Midland Centre, by whom a local 
centre has been established in Sheffield. There is a 
prospect that a second sub-centre may be formed in 
Hull in the near future. 

The Midland Centre has likewise developed a 
local centre in Nottingham, where an inaugural 
meeting, which was attended by the President (Mr. 
Percy Good) and the Honorary Secretary (Mr. J. S. 
Dow) of the Society, was held on May 23. Mr. F. 
Walker was elected chairman and Mr. C. S. Caunt 
honorary secretary of this new sub-centre. 


Papers Before Other Bodies. 


By arrangement with the Industrial Welfare 
Society a paper dealing with various aspects of In- 
dustrial Lighting will be read by Mr. E. W. Murray 
and Mr. S. J. Patmore at the Conference at Oxford. 
The meeting will take place at Balliol College, 
Oxford, at 2.15 p.m. on September 18. 

A paper entitled “Street Lighting in Relation to 
Road Materials ” is to be read by Mr. J. M. Waldram 
before the Chemical Society on April 2, 1940. The 
Illuminating Engineering Society has been invited 
to co-operate in a joint meeting on that occasion. 


Lectures on Illumination. 

Evening classes in the Principles and Practice of 
Illuminating .Engineering are being again arranged 
at the Northampton Polytechnic (St. John-street, 
London, E.C.1). The course is designed to cover the 
syllabuses of the City and Guilds of London Insti- 
tute’s examinations in Illuminating Engineering. 
Enrolment will take place during the week Septem- 
ber 18-22. 

A course of six lectures, dealing in a general man- 
ner with illuminating engineering, has been arranged 
at the Polytechnic, Regent-street, London. The lec- 
tures will be delivered by various members of the 
Society, and will take place on Friday evenings, 
commencing January 19, 1940. 

Under the auspices of the Midland Local Centre, a 
similar course of twenty lectures is being arranged 
at the Birmingham Technical College, commencing 
in September next. 


It is hoped that the leading firms in the lighting 
industry will support these various courses, and will 
encourage the younger members of their staffs to 
attend. 


International Iliumination Commission. 


The meeting of the International Illumination 
Commission, held in Holland during June 12-20, was, 
by general consent, a very successful one. A wide 
variety of topics was dealt with by the twenty-four 
committees, and the meetings were supplemented by 
numerous visits of considerable technical interest, 
The British contingent, numbering about ninety, and 
the next most numerous after those of Holland, con- 
tained many leading members of the Society. 

It is understood that the address of the President 
of the Illuminating Engineering Society for the com- 
ing session (Mr. F. C. Smith) will deal largely with 
the technical work carried out at these meetings. A 
complete evening has accordingly been allotted to 
this address, which will be delivered at the opening 
meeting of the Society on Tuesday, October 3. 


Autumn Display of Exhibits. 

In view of the above arrangement, it has been de- 
cided to allot the second meeting of the session, 
which will take place at the E.L.M.A. Lighting Ser- 
vice Bureau on Tuesday, November 14, entirely to 
the usual display of exhibits illustrating Progress 
in Illuminating Engineering. Owing to the continu- 
ally increasing number of exhibits the allocation of 
time to demonstrations is recognised to demand care 
and thought, in order that the most interesting items 
may receive due attention. Members are, therefore, 
requested to give the honorary secretary early 
intimation of any proposed exhibits. Suggestions for 
displays of an original character and of outstanding 
novelty will be specially welcome. 


Summer Meeting in Harrogate: May, 1940. 


A new departure next session will be the holding 
of a special summer meeting, which is to take place 
in Harrogate during May 20-22, at the invitation of 
the North Midland Centre. 

In addition to papers and visits, an agreeable 
social programme is being arranged. It is hoped that 
this gathering will afford a unique opportunity for 


members from London and the various provincial . 


centres to meet, and that all members will unite in 
making this innovation an outstanding success. 

Further particulars will be announced in due 
course. 
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TWO NEW PUBLIC LIGHTING 


INSTALLATIONS IN DUBLIN 


By F. X. ALGAR (Member) 


(Summary of a paper read before the Public Lighting Section on March 17, 1939.) 


The two public lighting installations described are 
quite different in character. One concerns the main 
central thoroughfares of Dublin, the other a traffic- 
route out of the city. In both cases, however, the 
aim was to produce the. best possible visibility in the 
circumstances, and both illustrate the necessity of 
considering the special characteristics of a thorough- 
fare when determining the design of the lighting 
installation. 

In these instances the relevant details of the instal- 
lation were closely studied. The usual measures of 
roads and paths were taken. Their texture and 
colourings and the effects created by weather con- 
ditions were noted. Attention was given to the 
boundaries of thoroughfares, adjacent buildings, etc., 
and the type, speed and density of the traffic. 


The Centre of the City. 


In the centre of the city it was evident that the 
appearance of the installation, alike in daylight and 
at night, was of outstanding importance. The instal- 
lation should fit unobtrusively into its surroundings 
and blend harmoniously with its background—a con- 
dition not easily realised if many standards had to be 
used. 

The unusually great width of most of the thorough- 
fares seemed to call for not less than three lines of 
standards and lanterns, but it was in practice impos- 
sible to obtain vacant sites on the roadway, and there 
was also a feeling that in any case the road surface 
should be left free from encumbrances. It was 
finally decided to erect standards on the kerb lines 
only. This evidently involved lanterns of special 
design. The standards were only subsequently deter- 
mined. The adopted colouring was such as to render 
them inconspicuous, and they are practically invisible 
against their background when seen from some 
angles. They are of reinforced concrete, composed 
of crushed natural marble, polished smooth, and 
giving a resultant dark grey-green colouration. 

The high illumination prevailing on these city 
thoroughfares was determined by traffic conditions 
as well as by the desire to do justice to their dignity 
and importance. In heavy traffic the field is re- 


stricted by slow-moving and stationary vehicles, 
which obscure the road-surface from a driver’s view. 
Hence, while it was considered desirable that the 
road surface should furnish a bright background, it 
was found necessary to make objects visible by direct 
illumination rather than to rely on revealing them 
in silhouette against a bright background. It was 
finally decided to base the design on the provision of 
a specified illumination at the “test point” as pre- 
scribed in the British Standard Specification for 
Street Lighting (No. 307—1931), and the maintenance 
of a diversity much less than is usual in street light- 
ing practice. The desirable minimum illumination 
was fixed at 1 ft.c. and the maximum diversity at 
4:1. It was also desired that the lighting should 





Fig. |. Appearance of one of the standards in Dublin City, 
with the Bank of Ireland in the background. 
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be such as to enhance the dignity of the city by 
suitably revealing the surrounding buildings. 

It was decided to adhere to the use of tungsten fila- 
ment general service lamps in preference to discharge 
lamps, the colour of which was considered unsuitable 
for the thoroughfares concerned. 

The lantern used in the City was an entirely 
original product, made in England to a design agreed 
after months of discussion. All metal parts are of 
bronze, with a few minor exceptions. There is no 
ventilation, but drainage holes and an anti-condensa- 
tion chamber are provided. The weight is approxi- 
mately 88 lb. The glass elements comprise a two- 
piece dome refractor and a lower refractor dish. The 
inner member of the dome refractor is made of heat- 
resisting glass, in view of the great heat developed 
by the 1,000-watt and 1,500-watt lamps. The pris- 
matic construction of the dome refractor and dish is 
such as to confine the main beams within angles of 
70 deg. to 72 deg., with the downward vertical—well 
inside the 75 deg. limit originally fixed in the interests 
of avoidance of glare. In order to meet the conditions 
imposed by the great width of road the main beams 
are very wide and are centred about lines approxi- 
mately 40 deg. from the longitudinal axis of the road. 





Fig. 2. A view of O’Connell-street, Dublin, lighted by 1,500- 
watt units, mounted opposite each other, 30 ft. high, with an 
average spacing of 116 ft. Width of thoroughfare 100-120 ft. 


Two lanterns are mounted on each column, situated 
immediately over the kerb, so as to throw 
their main beams obliquely across the road. 
In addition, they furnish sufficient upward light 
to illuminate adequately the faces of buildings 
lining the street. Numerous illustrations of 
roads within the central area of Dublin were pre- 


sented. O’Connell-street, which may be regarded as 
typical of the conditions, varies in width from 100 ft. 
to 120 ft., excluding footways, and yet is lighted 
entirely by lanterns of the type described, housing 
1,500-watt lamps, on each side of the carriageway. 
The units are mounted opposite each other, 30 ft. 
high, with an average spacing of 116 ft: On other 
thoroughfares (Westmorland-street, Dame-street, and 
Grafton-street), which have a somewhat lesser width, 
lanterns housing 1,000-watt lamps, mounted 25 ft. 
high, are used, at an average spacing of 108 ft. 


The actual illumination proved to be even better 
than that specified in the design. There is actually 
an average of 1.72 ft.c. at mid-span road centre and 
a maximum illumination near the standards of 2.92 
ft.c—a diversity of only 1.7 to 1. 


A view of a standard carrying two lanterns is pre- 
sented in Fig. 1, whilst Fig. 2 shows the general 
appearance of O’Connell-street. 


The Dublin-Dalkey Main Traffic Route. 


The other installation described, that on the Dublin- 
Dalkey main traffic route, was studied in a similar 
manner. The problem here, however, was essentially 
different. Traffic usually consisted of a thin line of 
vehicles moving in two directions, sometimes continu- 
ous, but more usually broken. Traffic movements 
were, in general, very fast, and a large area of road 
surface was usually visible. The ideal installation 
should produce long-distance visibility, if possible 
coupled with complete absence of glare. 

The idea of producing a high and even road bright- 
ness was found to be impracticable, partly owing 
to the great variety in road-surfaces presented. On 
this route, about seven and three-quarters miles in 
length, practically every material known to road- 
making is found—asphalt, concrete, granite, 
blocks, and Macadam, in varying age, condition, and 
texture. Under the old lighting conditions lamps 
were irregularly spaced at long distances. The type 
of distribution varied and contrasts were extreme. 
Drivers formed the habit of using their headlights 
almost continuously. The result was dangerous glare 
and general confusion. 

It was clear that the public would not consider 
satisfactory any new system which failed to elimin- 
ate glare. Headlamps could only be eliminated by 
making their use unnecessary. It was therefore de- 
cided to concentrate on elimination of glare and to 
accept the best diversity of brightness consistent 
with this condition. A test-point illumination of 
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TWO NEW PUBLIC LIGHTING 


0.4 ft.c. was adopted as a provisional standard. It 
was also decided to adopt lanterns with a cut-off 
which would operate almost completely at angles of 
less than 75 deg. with the downward vertical. If such 
lanterns were mounted at a height of 25 ft., drivers 
of cars coming within the limiting angle would be 
protected from glare by the roofs of their cars. Out- 
side that limit practically no light would be trans- 
mitted direct from the fitting to the observer’s eye. 
For economic reasons the lanterns are mounted on 
the available tramway standards, which are in 
general well suited to this purpose, though in some 
instances they disturb the brightness plan. 


The lanterns used on this traffic route form a re- 
vised edition of a type sometimes used on the Con- 
tinent. They are of French origin, but made in 
England, and are believed not to have been used 
previously in Great Britain or Ireland. The width of 
this route, including pathways, varies from 33 ft. to 
126 ft., but the extreme measurement is seldom 
found and is of short duration, the average being 
about 64 ft. The general plan provided for “ cut-off ” 
lanterns with 300-watt incandescent filament 
lamps mounted 25 ft. above ground level and opposite 
each other. The overhang varied from 6 ft. to 24 ft. 
according to the width of the road. The average 
spacing between pairs of units is about 120 ft. The 
lantern is of simple construction, with a cast-iron 
head, a spun copper body, and a combined refractor- 
reflector glass. The silvered dome has its prisms on 
the outer and silvered surface, which is enclosed and 
protected from injury. There is no emission at all 
above 75 deg. and the asymmetry of the main beams 
is about 15 deg. 


Readings taken on a test section of the road with 
an autophotometer showed an illumination under the 
lamps of 1.0 ft.c and at road centre mid-span 0.35 ft.c. 
—a diversity of illumination of 2.8 to 1. The diversity 
of brightness was, however, very much greater 
especially in wet weather when alternate bands of 
high and low brightness could be seen crossing the 
road from kerb to kerb. The band of low brightness 
appears across the road in line with the lamps and 
the bands of high brightness at mid-span sections, 
where the test-points are. The explanation of 
higher brightness with lower illumination lies, of 
course, in the angles of incidence. The brightness 
level inside each band appears practically constant for 
the entire width of the roadway. The shape and 
dimensions of the bands did not change noticeably, 
except in the immediate vicinity of an observer, when 
he moved about the road. 


INSTALLATIONS IN DUBLIN 


These features of the brightness plan are worthy 
of notice because they seem to be important con- 
tributing factors to the undoubtedly high standard of 
visibility, based on regular reversals in brightness 
contrast between object and background. These are 
clearly seen when the road surface is wet, though 
less evident when it is dry. The most valuable 





Fig. 3. The Dublin-Dalkey Traffic Route, illuminated by 300- 
watt refractor cut-off units mounted on tramway poles 25 ft. 
high, with an average spacing of 120 fe. 


feature is the elimination of glare. It is possible to 
see quite small objects, such as cats and dogs, with- 
out the least difficulty or eyestrain at distances of 
over a quarter of a mile in dry weather. In wet 
weather the distance is naturally reduced, but re- 
mains more than sufficient in any set of weather or 
traffic conditions. 

Fig. 3 shows a view of a section of the road. 

An amendment was subsequently made in the lan- 
tern design with a view to improving the appearance 
of the road without lessening visibility. The changes 
in the glass had a good effect, both in increasing the 
general level of brightness and in improving the 
apparent brightness-diversity. 

Averages of a large number of measurements taken 
on the entire completed route gave the following 
average figures:— 


Illumination at mid-span road-centre ......... 0.4 ft.c. 
Illumination at mid-span kerb line ............ 0.2 ft.c. 
Illumination at road-centre between 

lanterns, opposite lanterns .................. 1.1 ft.c. 
Illumination under lanterns ..................... 1.3 ft.c. 
Overall diversity on roadway .................. 6.5 to 1 
Diversity from under lantern to mid-span 

CIN oo lin RGR 3.25 to 1 
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DISCUSSION 


Mr. Percy Goon (President), in opening the discus- 
sion, said that in these days it was something of a 
change to be at a meeting devoted to street lighting 
and to hear the term “ foot-candles ” associated with 
whole numbers constantly used. He congratulated 
Mr. Algar on the results of his work. If, as a result 
of this paper, other people would follow his example, 
he would have done excellent service by making his 
methods known. He was particularly interested in 
the emphasis which Mr. Algar had placed on 
“ appearance ” and in the care which he had given to 
the effect of the lighting on surrounding buildings 
when the installation was planned. In past years 
too much stress had been laid on securing economical 
lighting, and too little on its economic and cultural 
value. If the cost to the community per person per 
week could be used in discussion rather than the 
lump sum a better judgment might result. 


Dr. S. ENGLISH remarked that the interest in these 
two dissimilar installations lay largely in the fact that 
in both instances Mr. Algar had aimed mainly at 
good visibility. Here were two roads entirely differ- 
ent in character and with entirely different traffic 
conditions. Two entirely different types of lighting 
installations were therefore found necessary. Some 
engineers might have tried to apply the same type of 
installation in both cases with very much less satis- 
factory results. 

Dr. English added that he had seen both installa- 
tions and considered that the photographs shown by 
Mr. Algar gave a correct impression. After seeing 
street lighting installations in many of the capitals 
of Europe he considered O’Connell-street the finest 
of all. Two of the more interesting features were 
the absence of glare and the inconspicuous effect of 
the posts mounted at the side of the road. Had an 
effort been made to light the road by conventional 
methods, involving a forest of poles on the roadway, 
these features would inevitably have been lost. 

At the present time the British standard specifica- 
tion for street lighting was undergoing revision. 
Those who were familiar with the draft specification, 
and had followed the description of these two instal- 
lations given by Mr. Algar, would realise that neither 
of them complied with the draft specification. Did 
this not show that its terms were too rigid and that 
some degree of modification, giving more scope for 


the use of new methods and appliances, was neces- 
sary? 


Mr. G. H. Witson congratulated Mr. Algar on the 
solution of what must have been, in the case of 
O’Connell-street, a very difficult problem. He would 
have expected it to be very difficult to light such a 
street from the sides only, and the installation was 
certainly an instructive example of the possibilities 
in this respect. 

He recalled that whilst he was in America last year 
he had been interested to see, in Detroit, a street 
ninety feet wide which was lighted from the sides 
only. This was carried out in a manner resembling 
that adopted by Mr. Algar, except for the fact that 
reflectors were used instead of refractors. Two lan- 
terns were suspended on each post; an opposite 
arrangement of posts was used at a spacing of about 
100 ft. He noted that Mr. Algar, like some others 
present, approved of cut-off fittings in suitable cir- 
cumstances. He would like to enquire how much 
Mr. Algar thought he had lost by suppressing his 
inclination towards cut-off fittings in the case of 
O’Connell-street. 


Mr. F. C. SmitH also congratulated Mr. Algar on a 
fine piece of work. On many points he was in close 
agreement with the author—for example, he con- 
sidered the amount of glare permitted in some 
modern installations was a very bad feature. He was 
also interested to see that Mr. Algar, in designing 
these installations, had aimed at the provision of a 
certain test point illumination. The basis upon which 
the design appeared to have been worked out was 
that of horizontal illumination rather than a detailed 
study of road brightness. The results achieved were 
good, and it appeared that if posts were erected fairly 
near together and the light directed down on to the 
road at not too great an angle of incidence, the two 
methods of approach give very similar results. When 
one looked at many present-day installations one 
appreciated how badly they fitted into their surround- 
ings. Mr. Algar’s plan of endeavouring to make the 


appearance of the thoroughfares by night and by day. 


as similar as possible was an excellent one. 

Mr. Smith next referred to the dark bands occurring 
on the road in the installation using cut-off fittings. 
Mr. Algar had rather apologised for these dark bands 
and had referred to them as a drawback. He (Mr. 
Smith) thought that too great importance should not 
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DISCUSSION 


be attached to these bands. The dark patches were 
not so wide that obstructions could be lost in them, 
although it might be said that the effect was not 
altogether pleasing from the aesthetic standpoint. 
Whilst Mr. Algar’s installations deserved high 
praise, Mr. Smith suggested that one of the major 
problems in street lighting was absent in these cases. 
The fundamental problems of street lighting were 
not difficult if capital expenditure was not too 


strictly limited and sufficient light could be provided. 


If engineers could use wattages as high as those 
adopted by Mr. Algar, a great many difficulties would 
be removed. In general to-day the problem of the 
engineer was to promote good visibility at a mini- 
mum cost. 

In conclusion Mr. Smith remarked that he con- 
sidered it was bad practice to spend the bulk of the 
available money on the lighting of the main roads 
so that little was left for the streets of lesser im- 
portance. When this occurred the results were 
likely to be dangerous as traffic turning into side 
roads would be embarrassed. From the safety point 
of view it was better not to be too lavish with the 
expenditure on the main roads so that funds were 
available to give reasonably good lighting on the 
side roads. 


Mr. J. M. Watpram endorsed Mr. Smith’s remark 
that the first requirement for good lighting was 
adequate expenditure. He also agreed that the light- 
ing of side thoroughfares was a matter of im- 
portance. The installation in the centre of Dublin 
certainly served as an indication that wide thorough- 
fares could be lighted from the side. It did not fol- 
low, however, that every road ninety feet wide could 
be lighted from the side. It should also be con- 
sidered that this was not precisely a traffic route, 
so that presumably the British Standard Specifica- 
tion did not apply. The cross bands to which Mr. 
Algar had drawn attention were probably due to the 
cut-off of seventy-five deg., which meant that the 
light would be cut off about ninety feet from the 
post, whereas the next lantern was. 120 feet away. 
He could not agree that these cross bands were 
innocuous. He thought that they should be avoided, 
for they formed a confusing pattern on the road. 
The ambient temperature (117° C.) in the lanterns 
seemed to be high. It would be interesting to know 
what was the temperature of the lamp cap. It would 
also be useful to hear what experience Mr. Algar had 
had of the asbestos covered flexibles in the bracket. 


There had been much discussion on the safety of 
such cables. 


Mr. A. CUNNINGTON said that he had been much 
impressed by Mr. Algar’s description of the lighting 
in Dublin. He had always had a strong feeling that 
great improvements might be brought about by pay- 
ing sufficient attention to cut-off fittings and to the 
more complete elimination of glare. As an instance 
they had what was admittedly a fine installation of 
street lighting on the Embankment, London—but 
was it not evident that this installation would be 
much better still if the tendency to glare could be 
eliminated? He entirely supported Dr. English’s 
plea for less rigidity in the standard specification. 
It appeared to be possible to design an installation 
that would not fall within the limits of the speci- 
fication and yet might be, from the standpoint of 
the user, an excellent one. 


Mr. J. S. Dow said that the paper had been in- 
structive in showing that good results might be ob- 
tained by unusual expedients. In the field of street 
lighting it was particularly desirable to preserve an 
open mind—to adhere to accepted fundamental prin- 
ciples but to avoid dogmatism. A specification, 
therefore, whilst ensuring the application of accepted 
principles, should not be tied down to methods which 
it might not be always expedient to apply and which 
were liable to become obsolete. As an instance of 
dogmatism he would mention the statement, fre- 
quently made, that in daylight objects were almost 
invariably seen in silhouette against a brighter 
background, and that this method of revealing 
objects should therefore be aimed at invariably by 
artificial light—at least on traffic routes. His own 
observations led him to suggest that it was only in 
one case—when the sun was facing the observer and 
its full brightness was reflected from a polished 
roadway—that all objects on the road appeared 
darker than their background, which was indeed 
often distressingly bright. When the sun was be- 
hind the observer objects ahead of him often 
appeared brighter than the roadway and this was 
also often true even with a white diffusing sky. Simi- 
larly on artificially lighted streets one observed 
objects quite as much by the aid of illumination as 
by the aid of a brighter background. With congested 
traffic one often saw little of the roadway. The 
photographs of O’Connell-street showed vehicles 
and other objects that were brighter than their 
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background and the same often occurred with a cut- 
off installation. He had noticed in the case of the 
cut-off installation at Folkestone which excited so 
much interest that both types of perception were 
used simultaneously. Objects in the middle of the 
road were seen in silhouette, but people on the pave- 
ments were seen, illuminated, against a darker back- 
ground. He shared Mr. Cunnington’s feeling that it 
was worth making considerable sacrifices to elimin- 
ate glare. It was remarkable how even a small cut- 
off proved effectual in eliminating the glare of dis- 
tant lights. One noticed this particularly when rid- 
ing on the top of a bus. Success in avoiding glare 
depended largely on authorities accepting the addi- 
tional expense—not necessarily very much greater— 
of close spacing. Engineers should not allow them- 
selves to be guided too much by considerations of 
maximum economy. Present standards of expendi- 
ture on public lighting were not based on scientific 
data nor even on any accepted economic principle, 
they were the result mainly of inherited tradition 
and caprice. Demonstrations of what really good 
street lighting could effect might easily bring about 


a complete change in existing standards of expendi- 
ture. 


Mr. F. X. AuGar, in reply, expressed his apprecia- 
tion of the interest shown in the paper, and at the 
presence of the President. 

There was much that could be said in regard to 
costs. There seemed to be an impression that he 
had been fortunate to have so much money to spend. 
That was not quite correct. He had not a free hand 
in regard to expenditure, but he had refused to 
undertake work unless there was sufficient money to 
carry it gut properly. Means had to be found to 
Solve the financial problem other than the usual 
method of reducing the efficiency and quality of the 
planned lighting. Naturally he, like others, had to 
take cost into consideration. He was responsible for 
about 250 contracts for street lighting which he had 
to maintain and on which he had to justify his 
expenditure. 

In regard to the central lighting in Dublin, he did 
not quote a definite sum of money for the installa- 
tion in the first instance. He examined the site, gener- 
ally planned the lighting system, and he then told the 
Corporation that as most of the material required to 
erect a satisfactory installation would have to be 
made specially, he would only guarantee that the 


final costs to the Corporation would not exceed 
£18,456. He asked for that figure to be allocated to 
the work which he would then carry out as cheaply 
as possible in suitable material on a time and mate- 
rial plus percentage basis. In fact, the job was com- 
pleted for £16,676. The ratepayers had not com- 
plained of the cost, but had asked for more lighting 
similar to that in the centre of the city. The citizens 
proved quite willing to have increased rates if this 
ensured good lighting. In actual fact, the public 
wanted what the engineers wished to give them. He 
thought that engineers were at fault if they at- 
tempted to light a street with insufficient money. 

References were made in the discussion to the 
problems involved in lighting thoroughfares ninety 
feet wide. He would point out that the O’Connell- 
street installation concerned a thoroughfare which 
had an average total width of 147 feet, including 
pathways. 

He might mention that both the installations which 
he had described had been deliberately planned with 
an eye to their relative positions in the network of 
city streets, and care was taken to ensure that they 
would fit into a sensible future plan for properly 
graded lighting in all the city thoroughfares. The 
expenditure incurred on the main streets would not 
be to the detriment of suitable lighting in the side 
streets. 

Referring to the Specification for Street Light- 
ing, Mr. Algar mentioned the impression that in the 
future street lighting installations might be designed 
on the basis of road brightness. He did not know 
how that could be done. 

Several speakers had raised points in regard to 
“ cut-off ” fittings. Mr. Wilson had asked if anything 
would be gained by using “cut-off” fittings in 
O’Connell-street. He (Mr. Algar) wished to empha- 
sise that an installation must be in keeping with the 
particular street for which it was planned. “ Cut- 
off” fittings might have been used in O’Connell- 
street if they were mounted seventy to ninety feet 
high, but such an arrangement would not suit the 
centre of the City of Dublin. 


With regard to the “ spotty ” effect where “ cut-off” 
fittings had been used, he agreed with Mr. Waldram 
that the bands in brightness were not desirable. He 
could appreciate the desire to avoid these bands, but 
he did not consider that their absence was essential 
to visibility. He wanted to eliminate them for 
purely aesthetic reasons. Throughout the year dur- 
ing which the experimental lighting had been in use 
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DISCUSSION 


he had collected opinions from many people, and had 
found that users almost invariably expressed a fav- 
ourable view. He had now been asked to light a 
further forty miles of road. He judged that a some- 
what uneven brightness effect was preferable to 
having too much glare. He would have preferred 
to stagger the units, but had had to make use of 
existing poles, the spacings of which were more 
suited to “ opposite ” units. 


He had, so far, had no complaints in regard to the 
cambric and asbestos covered flexible which he was 
using. 

He completely agreed with the remarks made by 
Mr. Dow, who had confirmed his (Mr. Algar’s) views 
in regard to street lighting. Visibility in the Dublin 
“ cut-off” installation was provided through regular 
reversals in brightness contrast between object and 
background. 





NOTES ON FORTHCOMING EVENTS 


Lectures on Illumination. 

In addition to the lectures on illumination men- 
tioned in the last issue of the “ Transactions”* it is 
announced that a course has been arranged to take 
place at the Leeds College of Technology. This 
course is intended to prepare students for the City 
and Guilds of London examination and will take place 
on two evenings a week, with an additional evening 
if necessary for an ancillary subject. The course will 
commence in September next. Students desiring to 
attend are requested to make application to the 
Leeds College of Technology (Cookridge-street, 
Leeds) preferably before the end of the present 
month. 

Fuller particulars have now been announced of the 
course at the Northampton Polytechnic (London, 
E.C.1), which is also intended for those desiring to 
take the City and Guilds examination. The course 
extends over two years and includes lectures on illu- 
minating engineering on two evenings a week. 
Application should be made to the Northampton 
Polytechnic (St. John-street, London, E.C.1) for 
fuller data. Enrolment will take place during 
September 18-22. 

Other courses in London include the series of six 
lectures to take place at the Borough Polytechnic 
(Borough-road, London) on Friday evenings com- 
mencing January 19, 1940, and a special lecture on 
“The Romance of Modern Lighting” to be given 
at the South-East London Polytechnic (Lewisham 
High-road, S.E.4) on October 5, 1939. 

There is also the course of twenty lectures at the 
Birmingham Technical College, which, as already 
announced, is to commence in September next, and 
is being arranged under the auspices of the IES. 
Midland Local Centre. 





* June, 1939, p. 104. 


Local Sub-Centres. 

The local sub-centre in Nottingham, formed under 
the auspices of the Midland I.E.S. Local Centre, to 
which reference was made in the last issue of 
the “ Transactions,” may now be regarded as firmly 
established. Much of the credit for this step is due 
to Mr. Howard Long, the Chairman of the Midland 
Centre, who devoted a considerable amount of atten- 
tion to the initial preparations for this sub-centre 
and presided at the inaugural meeting in Notting- 
ham on May 23. We understand that there is some 
possibility that a similar centre may ultimately be 
formed in Coventry. 

The suggestion has also been made that the time 
is ripe for the formation of a Local Centre with 
headquarters at Cardiff, and the Hon. Secretary would 
be glad to hear from any members in a position to 
be of assistance in this connection. 


Association of Public Lighting Engineers. 

The annual conference of the Association of Public 
Lighting Engineers, which is of considerable interest 
to many members of the LE.S., takes place this year 
in Glasgow during September 4-8. A varied series 
of papers has been arranged and opportunities of 
thoroughly inspecting the lighting of the City of Glas- 
gow will be afforded. The new President will be Mr. 
E. J. Stewart, public lighting engineer of Glasgow, 
who will deliver his address on the opening day. 
Fuller particulars of the conference may be obtained 
from the Secretary of the Association of Public 
Lighting Engineers (Mr. H. O. Davies, 13, Victoria- 
street, London, S.W.1). 
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‘NOTES ON FORTHCOMING EVENTS 


International Illumination Commission. 

It will be recalled that the address of the President 
for the coming session (Mr. F. C. Smith) on October 
3 is to deal mainly with the technical work of the 
recent meeting of the International Illumination 





The Library. 


Members of the Society are reminded that the 
library is now in operation 2nd books may be ob- 
tained on application to the Hon. Secretary at 
32, Victoria-street. A list of volumes available has 





Commission. It has, therefore, been proposed that an been published - the * Transactions ™ but additions a 
informal supper-reunion for British delegates who are constantly being made. The offer of further Use ae 
took part in the visit to Holland should be arranged ful volumes not at present in the library will be wel- } fac 
immediately after the lectures. We understand that comed, and the Hon. Secretary will also be glad to ny 
De. N:.A. Holberteme. who has been elected the new receive suggestions in regard to other works which 
President of the Commission, has accepted an invita- might, with advantage, be acquired. 

tion to be present. * Vol. IV., April, 1939, p. 53. 
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LIGHT SCATTERING BY ROAD SURFACES 


A THEORETICAL TREATMENT 
By Dr.-ING. A. BLOCH, M.Sc., F.lnst.P. 


(Communication from the Staff of the Research Laboratories of The General Electric Company, Ltd., Wembley, England.) 


SYNOPSIS.—lIn this paper the hypothesis is put forward that a road surface behaves as a system of an infinite number of 
polished facets, the orientation of which varies according to certain distribution laws, and the reflection factor of which 
depends on the angle of reflection. An experiment is described which suggests the existence of such a system of 


facets. 


It is shown that experimental results can be conveniently and sufficiently accurately expressed in terms of this 


hypothesis ; and there follows a rapid method for plotting isobrightness contours on the perspective image of a road 
which is illuminated by a light source of known polar distribution. A qualitative explanation is also given of the changes 
in light reflecting properties of a surface which can be observed with progressive wear and polish, or with wetting. 


(N.B.—The manuscript of this contribution was originally submitted in May, 1939. 


1. Introduction. 
(a) PracticaL IMPORTANCE AND COMPLEXITY OF THE 
PROBLEM. PREVIOUS EXPERIMENTAL WORK. 


The reasons for investigating the light reflecting 
properties of road surfaces are as follows: 

In most streets objects generally appear as dark 
silhouettes against a brighter background, a large 
part of which is formed by the carriageway. The 
effectiveness of an installation will, therefore, largely 
depend on the brightness of the road as it appears to 
an observer and on the way in which this brightness 
is distributed over the road. 

The appearance of the road is determined by three 
factors : — 

(a) the illumination reaching the road surface, 
(b) the directions from which the light arrives 

and the direction in which it is to be reflected, 
(c) the reflection properties of this surface. 

The first point has usually been taken into con- 
sideration in the planning of installations, but it is 
only recently that the importance of the second and 
third has been recognised ('). Since then a consider- 
able amount of work has been carried out to collect 
the essential data, so far, however, on purely experi- 
mental lines (7) (°*). 

As the reflection properties of a road surface 
change considerably with the variations of angles of 





(1) J. M. Waldram, A.P.L.E., 1928. Preston Millar, Trans., 
LE.S. (Amer.), 1928, 23 (9), p. 1051. 

(7) Preston Millar, loc. cit. Taylor, I.C.I., Comptes Rendus, 
1928, p. 49. D.S.I.R., Illum. Res. Cttee., Tech. Paper No. 9. 
Cohu, Revue Gen. de l’Electricité, 1934, 35, p. 147; ibid, 
1935, 37, p. 755. Waldram, Ill. Eng., 1934, 27, pp. 305, 339. 

(*) Two more papers were published after this paper was 
written: P. Moon and R. Hunt, Journ. Frankl. Inst., 1938, 
225 (1) p. 1; and M. Cohu and A. Tréquigneaux, Revue Gen. 
de 1’Electricité, 1938, 44 (12), p. 373 (Sept. 24). 

The first of these papers gives experimental data and 
certain empirical laws connecting them; the second gives 
experimental data, and shows that for wet surfaces the data 
might be explained by a hypothesis similar to the one pro- 
posed here. 


It is now published in a revised and abbreviated form.) 


incidence and reflection, the problem of evaluating 
and describing them is complicated, for normally at 
least three geometrical variables enter into a des- 
cription of these reflection properties, of which Fig. 1 
shows a possible set. 

Fortunately, however, not all of the range which 
each of these variables may assume is of equal prac- 


L 








Fig. |. 


tical importance. From the practical point of view, 
the main interest lies in that range of variables which 
comes into play in the formation of the well-known 
bright areas which an observer generally sees on a 
road surface when he is looking towards a distant 
lamp-post. 


(B) Main CHARACTERISTICS OF “ BRIGHT AREAS” 

FORMED ON A RoaD SURFACE. RANGE OF VARIABLES. 

If the road surface behaved like a perfectly smooth 
mirror, an observer would see only a single image of 
each lamp. The position of this image is easily de- 
termined from the laws of geometrical optics, and 
its brightness is directly proportional to the bright- 
ness of the original source. Increasing the size of 
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the source would increase the size of the image cor- 
respondingly, but would leave its brightness un- 
changed. 

It would be expected that the bright areas which 
an observer sees on a smooth road when looking 
towards a distant lamp would have some relation in 
position and brightness to this mirror image. Actu- 





A B Cc 


Fig. 2. Apparatus for the investigation of road reflection properties 
by photographic photometry. 
B = check plate. 


= camera. C = light source. 





Fig. 3. Typical photograph with contours of equal brightness. 


ally, this is only the case on an extremely well 
polished or wet road where the bright areas become 
very narrow streaks. 

On a dry road of normal state of polish, no ap- 
parent connection exists between the bright area and 
the would-be mirror image (see Fig. 3). The bright 
area is considerably longer and wider than any such 
image, even a very diffuse one. Its shape is inde- 
pendent of the shape of the source, resembling some- 
what an inverted triangle, the apex of which lies a 
short distance in front of the “ image point” ('), and 
the base of which appears close to the foot of the 
lamp-post. (The base is actually sorhe distance on 
the observer’s side of the post; the apparent 
proximity is due to the perspective shortening of the 
road, when viewed at large distances.) Very often 
the base of the triangle is widened so that the whole 
figure has some similarity to the letter “T,” the 
widened base forming the “head of the T.” There 
is no direct connection between the brightness of the 
source and the brightness of the bright area; the 
brightness at any point on the road is found to be 
proportional to the illumination of the road surface 
at that point. A small source of high brightness and 
a larger source of lower brightness, producing the 
same illumination, will produce the same brightness 
on the road (*). It is therefore possible to express 
the reflection properties of the road surface by means 
of a “ Brightness-Factor ” in the following form 


B, = Bu. En (1)8 


Here B, denotesthe brightness observed, and EL 


the illumination received on the road surface. The 
problem reduces, therefore, to an investigation of 
Ba as a function of the appropriate variables. (See 
Fig. 1.) 

Waldram has noticed a very interesting fact con- 
cerning the position of the brightest spot in the 
streak (*). Except when the road is very wet or very 





() ie., that point on the road surface which would pro- 
duce the geometrical image for the position of the observer 
concerned. 

(7) At least this is so with fittings of usual size. Both 
Waldram and Taylor have checked this point by experiment. 
See also Section II.p.1. 

(*) It is possible to rewrite equation 1 in the form: 

., ( En 
Br == (8x * cot i).(— i) = By : Ey 
Here Ey is the illumination on a small vertical test-plate 
placed on the road surface at the point under observation 
and facing the lamp-post #y={x. cot i is the brightness fac- 
tor related to this magnitude. This method of expressing 
the results was introduced by Waldram (Ill. Eng., 1934, loc. 
cit.) for the reason that Ey does not drop to such low values 
as Es for points distant from the source, and that, there- 
fore, $v does not reach such inconveniently high values 
as Bu. (The quantity Bv was designated “p” in Waldram’s 


paper.) < 
(*) Mlum. Eng., 1934, loc. cit. 
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LIGHT SCATTERING 


polished the maximum brightness is not to be found 
anywhere close to the “image point,” neither does 
it coincide with the point receiving the highest illu- 
mination. The position of highest brightness is some- 
where between these two positions, generally close 
to the “ head of the T.” The theoretical reason for 
this will be given later. 

The numerical range of variables encountered in 
the formation of a bright area is approximately as 
follows:— 

The average eye level of an observer (driver of a 
motor vehicle) may be taken as 5’ above the road, 
and the height of a lamp-post as up to 25’. The dis- 
tances between observer and lamp-post, which are 
of interest, vary between 100’ and 1,000’; the bright 
area formed by a lamp which is closer than 200’ 
is usually of minor imvortance to the driver of a 
motor car, who generally looks some 300’ ahead, and 
whose useful background is formed by the bright 
areas of lamps 400-600’ or more ahead. Furthermore, 
the field of view of such an observer is usually re- 
stricted to angles of d (see Fig. 1) smaller than 8°. 

It is evident from this that for the larger part of 
the bright areas incidence and reflection of the light 
will take place at nearly grazing angles. The angle 
of incidence i decreases:only at points close to the 
lamp-post. This part of the bright area in which the 
smaller angles of i occur forms the “ head of the T,” 
and the other part, with the large angles of i, will be 
termed the “ Main Range” of the bright area. 

The relationship between these angles is illustrated 
by the tables given in Appendix III, where for the 
most common case of a lamp-post of 25’ height and 
an observer of 5’ height, and for a number of fixed 
distances between the post and the observer the 
angles of incidence i are given in terms of the angle 
d(=90°—r). 

For the main range of the bright area the angle 46 
does not become larger than 6-8°; it reaches, however, 
considerably higher values in the “ head of the T” 
region. As it will be replaced by another more con- 
venient variable, it will not be further discussed 
here. 


(c) PHOTOGRAPHIC METHOD OF REFLECTIVITY DETER- 
MINATION. DESIRABILITY OF ACCOMPANYING THEORY. 

The method of photographic photometry used by 
Waldram for the determination of road brightness 
has already been described in princivle elsewhere(’). 
The apparatus used is illustrated in Fig. 2. 

In this method a number of photographs are taken 





(*) J. M. Waldram, Ill. Eng., 1934, loc. cit., Journ. Sci. Insts., 
1936, 13 (11), p. 352. 


BY ROAD SURFACES 


(of which Fig. 3 is typical), from which it is possible 
to determine the distribution of brightness of the 
bright areas as seen by an observer. 

Each such photograph contains a certain range of the 
three variables, i, r, and 8 which are defined in Fig. 1, 
and the measurements on it furnish an appropriate 
part of the data. The whole data are obtained from 
the results of eight photographs. 

This method has the advantage that it allows 
measurements to be made on the road surface under 
actual working conditions without the necessity of 
removing a specimen to the laboratory; and further- 
more that it probably gives a truer result as regards 
the average behaviour of the road surface than does 
a single specimen, which may or may not possess the 
average properties of the road surface under test. 
It must be recognised that road surfaces are not as 
uniform as mass-produced articles. They vary from 
point to point, due to different conditions of prepara- 
tion, to different wear, and dirt and dampness. It is 
obviously desirable to have a method which averages 
the values. On the other hand, it is rather to be ex- 
pected that the variations encountered in such 
measurements may sometimes make it difficult to 
decide what is the true average behaviour of the sur- 
face under test, and may bring about inconsistencies 
in the results from the various photographs of a set. 
This difficulty did arise in practice, and it was there- 
fore felt that the work might be simplified if some 
insight could be gained into the laws governing the 
reflection properties ('). It is further obvious that 
the knowledge of such laws may also simplify the 
representation as well as the utilisation of the results 
which otherwise, owing to the three variables in- 
volved, are bound to be somewhat cumbrous. 

Such laws might be found either by a careful but 
purely empirical comparison of the results obtained 
for various road surfaces (?), or by forming some 
guiding hypothesis about the physical process to 
which the light scattering action might be ascribed. 
The latter provides the possibility of connecting up 
the reflection properties of the road with its physical 
constitution, and thus of improving its light reflect- 
ing properties in a systematic way. 

Finally, the simplified way in which the reflection 
properties of a surface are represented by such a 





(1) The difficulties of obtaining smooth and consistent 
data from road surfaces are not confined to this special 
method, Even when the measurements for the whole range 
of variables are carried out on one and the same test speci- 
men, the markedly inhomogenous structure which most sur- 
faces possess will cause considerable scattering of results. 

(7) c.f. Moon and Hunt, loc. cit. 
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theory may also make possible the classification of 
the various types of surfaces on a rational basis. 


il. Exposition of Theory. 
(A) STATEMENT OF THEORY. 


In this paper it will be shown that it is possible to 
interpret the experimental results in terms of the 
following hypothesis : — 

The road surface behaves like a system of an in- 
finite number of polished facets which reflect the 
light according to the laws of geometrical optics. It 
is assumed that the orientation of these mirrors 
varies at random according to certain distribution 
laws and that the reflection factor of each mirror 
depends on the angle of incidence and reflection at 
which it is acting ('). Both these laws are derived 
from experimental observation. 


(B) SIMILAR EARLIER INVESTIGATIONS. 


A theory of this type was introduced by Bouguer 
as early as 1760 for the explanation of the light re- 
flecting properties of matt surfaces (*). Bouguer 
assumed his facets to have a reflection factor inde- 
pendent of the angle of refiection at which they were 
acting, and tried to determine the laws of their dis- 
tribution from measurements which he made. A 
number of later experimenters have investigated the 
properties of diffusely reflecting materials, some- 
times in an effort to sustain this theory, sometimes 
in order to disprove it. Later theoretical treatments 
have been on very similar bases. A number of 
authors tried to find some form of general reflection 
law for matt surfaces by making certain a priori 
assumptions about the distribution law for the 
facets or about their reflecting properties. Berry (*) 
assumed facets of constant reflection factor to be dis- 
tributed according to a Gaussian law. G. I. 
Pokrowski (*) introduced the assumption that the 
reflection factor of the facets should change 
according to Fresnel’s law for the reflection of light 
at non-absorbing substances; and assumed the num- 
ber of facets to be the same for every orientation of 
the normal. H. Schulz (*) used the same assumption 





(*) The angle of incidence of light upon a single facet will 
be designated i’ in what follows, and is ey hg oma as 
the angle of incidence (i) of light on the road surface. 

(*) Bouguer, Essai d’Optique, Paris, 1760. 

_ An excellent short account of Bouguer’s work is contained 
in a paper by Trotter, Illum. Eng., 1919, XII., p. 243. 

(*) Journ. of the Optical Soc. of America, 1923, 7, p. 627. 

(*) Zeitschrift fiir Physik, 1924. 30, p. 66. 

(*) Zeitschrift fiir Physik, 1925, 31, p. 496. 


as regards the reflection factor, assuming, however, a 
Gaussian law for the distribution of the facets. 

The present paper differs from these treatises by 
making no a priori assumptions about either law, 
but by deriving them both from experimental data. 
The theoretical investigation is carried out in two 
stages and the conclusion then checked at each stage 
by experimental results. The theory has been 
applied particularly to the case when the incident 
and reflected rays are not in the same plane, which 
is of great practical importance and which is actu- 
ally simpler to solve than the case of the properties 
considered in the plane of incidence. 

It will be recognised that the supposition of small 
polished facets is a convenient hypothesis for ex- 
plaining the properties of the road surface, but it 
does not necessarily imply their physical existence, 
at any rate in such simple form. Nevertheless, an 
experiment which is described below does suggest 
that some such system of facets may physically 
occur. 

(c) ASSUMPTIONS MaDe. 


In the following, a more detailed explanation will 
be given of the assumptions made, and of the theo- 
retical reasons for making them. 


1. Reflection properties of the facets. 


The facets are assumed to reflect the light accord- 
ing to the laws of geometrical optics, with a reflec- 
tion factor (p) depending on the angles of incidence 
and reflection (i’) at which it acts. 

Clearly, the facets (if they really exist) have to be 
identified with the larger or smaller irregularities of 
the road surface. These irregularities undergo a 
polishing action from the traffic, but there is still a 
considerable difference between a mirror and the 
finish so obtained. However, the facets operating in 
forming the bright areas receive and reflect the light 
at grazing angles, and under such conditions 
Fresnel (') has shown that the requirements 
as regards finish are far less exacting than in the 
case of ordinary mirrors. 

For instance, it is possible to see at grazing inci- 
dence quite distinct images of a lamp or a window 
on a surface which is quite rough (e.g. writing paper, 
or powder which has been flattened against a smooth 
surface). 

It might be of interest to quote here some experi- 
mental results obtained by Jentzsch(*) with samples 





(*) Fresnel, Oeuvres Complétes, Vol. I., pp. 220, 225. 
(*) Jentzsch, Zeitschrift f. Techn. Physik, 1926, p. 310. 
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LIGHT SCATTERING BY ROAD SURFACES 


of glass roughened with fine emery (“Feinster 
Amerikaner Schmirgel”). He found the following 
“limiting angles of regular reflection.” 





| Wavelength | Limiting Angle | 


an BN pietmancll 





| 656 pup 69° 
589 up ma 
486 up 75.8° 





The angles of reflection occurring in the present 
application are for the main range of the streak larger 
than the figures quoted in this table, but it is natur- 
ally not possible to draw any direct quantitative con- 
clusion without data of the actual state of roughness 
of the facets. 


Fresnel’s reasoning also shows why the reflection 
factor of the facets may be expected to vary with a 
change in the angle of reflection(’). 

In discussing this question of varying reflection 
factor, Fresnel’s formula should be also recalled for 
the reflection loss at a perfectly polished surface, 
such as might occur when the facet is covered with a 
layer of water. A graph showing these variations in 
the case of glass is familiar; a similar but mathemati- 
cally more complicated law applies to the reflection 
of light from absorbing materials. 

These laws also explain why the facet theory can 
be more satisfactorily applied over the particular 
range of angles involved in the present problem than 
in the wider range of angles considered by other 
workers. They show that the amount of light which 
is capable of entering the interior of a body is very 
much reduced at large angles of incidence, and there- 
fore the amount of light which is scattered by a pro- 
cess of internal diffusion is very much reduced. 

The same conclusion may also be reached by the 
following reasoning. It may be safely assumed that 
light which is scattered by such a process of internal 
diffusion will be diffused fairly evenly in all possible 
directions. Now the values of road brightness ob- 
served are up to 500 times and more higher than those 
which could be observed in the case of a perfect 
diffuser reflecting 100 per cent. of the incident flux. 
This means that the reflected energy must be con- 
tained in a comparatively small solid angle, which 
precludes any serious amount of diffusion. It may 
be even said that, in these circumstances, any part 
of the light which is diffusely reflected can be con- 





(4) The experiments by Jentzsch (loc. cit.) seem to indi- 
cate that the influence of the wavelength is not quite so 
great as might be expected from Fresnel’s theory. 


sidered as practically lost, as the brightness produced 
by this light will be negligibly small compared with 
the brightness produced by the specularly reflected 
part. 


2. Distribution of Orientation of the Facets. 


Consider now the statistical distribution of orienta- 
tion of the facets, and the ways in which such a dis- 
tribution may conveniently be expressed. To facili- 
tate the discussion a very simple hypothetical case 
may be considered first. Suppose that the little irre- 
gularities on the road surface are all hemispherical. 
In a small area of unit size on the road, let us 
measure the areas of the facets available therein 
whose normals lie in various directions. If each 
hemisphere is considered as being built up from an 
infinite number of small facets('), evidently the same 
number of facets is available for every orientation 
of the normals. A different shape of the irregulari- 
ties, such as “elongated” or “ oblate’ hemispheres, 
would furnish a varying number of facets for the 
various orientations of the normals. Vice versa, it is 
obviously possible to express the results of some 
actual census of facets by describing that shape of 
irregularity which would give an equivalent distri- 
bution. This irregularity would then typify the aver- 
age irregularity of the surface under test. 

The method of representation just mentioned is 
due to Bouguer; he also used the following conveni- 
ent method of expressing the distribution law. From 
a given point, draw a large number of radius vectors 
each representing a possible direction of the facet 
normal. The length of these radius vectors is made 
proportional to the number of facets available in the 
region of this orientation of the normal. The ends 
of all these radius vectors will then lie on a surface, 
which may be called the “ distribution surface.” A 
similar surface could be conceived, based on a 
cartesian, instead of a polar system of co-ordinates. 
There are naturally many other ways of representing 
such a distribution; in this investigation, what may 
be termed cross sections through such distribution 
surfaces, will be used. 

It follows from the definitions that if dw is a small 
solid angle within which the normals of the ele- 
mentary facets may lie, then the area dA of these 





(‘) This applies similarly to other types of curved sur- 
faces, and it has the advantage that the cases of real plane 
facets and “ curved facets” need no different treatment. It 
follows also from this that a reference to small facets in this 
discussion does not necessarily mean that we have to deal 
with real isolated facets of such small size. The facets may 


oe and probably are, joined up to form some curved sur- 
ace. 
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facets whose normals lie within dw, can be expressed 
by 

dA=p.dw (2) 
where p is the mean ordinate of the distribution sur- 
face corresponding to the direction of dw. 

In this exposition it has been assumed that the 
facets are of identical state of polish and possess, 
therefore, identical reflection properties. There are 
obvious reasons why the actual conditions are more 
complicated (e.g. facets subjected to different amount 
of polishing action or differing physically). Leav- 
ing aside the question of how this difference may 
affect the change of the reflection factor with varying 
angle of reflection i’ ('), what is therefore required 
for the present application is a census in which the 
facet areas are weighted according to their reflection 
factor. As the data to be used here are obtained 
from photometric measurements, such a weighting 
takes place automatically. 


3. Omissions. 

There are one or two points not yet mentioned 
which will be deliberately neglected. 

One minor point is the possibility that light is re- 
flected repeatedly by two or more facets before it 
reaches the observer. Such a phenomenon will prob- 
ably occur for small angles of incidence; however, it 
will be less likely at the very large angles of inci- 
dence which characterise the present problem. As 
light travelling along such a path will suffer severe 
absorption due to the losses at the repeated reflection, 
it appears justifiable to neglect its influence on the 
final effect. 

A more serious effect which has not yet been dealt 
with is the shadows which the facets throw on one 
another and—from the observer's side—the extent to 
which the facets hide one another. The magnitude of 
this effect naturally depends on the geometry of the 
irregularities of the surface, but even in an ideal case 
it can never be entirely absent. It will be shown at 
a later stage how an approximate allowance can be 
made for this effect by the introduction of a correc- 
tion factor, and how this leads, fortunately, to a 
simplification. 


4. Experiment suggesting the physical existence of a 
system of facets. 

An experiment will be described which is thought 

to suggest the actual existence of such a system of 

facets or its equivalent. The description of this ex- 





(*) This appears permissible, as it will be seen later that 
any such change will be small compared with the effect of 
purely geometrical factors. 











Fig. 4. 


periment furnishes at the same time some geo- 
metrical conceptions which are useful for the appli- 
cations which follow. 

In Fig. 4 an observer O is shown looking towards 
the light source L. A-B denotes the centre-line of 
the bright patch, which lies on the road surface be- 
tween the feet of the observer and the point below 
the lamp. An elementary facet at F will reflect light 
from L to O if its normal is contained in the plane 
OFL and bisects the angle OFL. A facet situated 


outside the centre-line, for instance, at G, will reflect ° 


the light towards O if its normal is contained in the 
plane OGL and bisects the angle OGL. If the angles 
of incidence LFC or LGC at the facets are of suit- 
able magnitude, the reflected light will be polarised, 
and it is evident from Fig. 4 that the plane of polarisa- 
tion for the light coming from G is rotated with 
respect to the plane of polarisation for the light com- 
ing from F through the angle [ between the planes 
OFL and OGL. If the observer looks through an 
analyser and rotates it into such a position that the 
light coming from F is extinguished, there will be 
incomplete extinction for points such as G off the 
centre-line. The observer should, therefore, see a 
more or less distinct black streak following the centre- 
line and disappearing near the light source and near 
himself, as at those angles i’ there will be little 
polarisation. If the analyser is rotated the streak 
should move sideways with this rotation; for instance, 
if the analyser is rotated in an anti-clockwise rota- 
tion, point F should appear bright again, while point 
G is blacked out. This phenomenon can be easily 
observed, not only on actual road surfaces, but also 
with other optically similar material, such as black 
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LIGHT SCATTERING BY ROAD SURFACES 


paper, American cloth, book bindings, and so on. It 
seems to the author to suggest the physical existence 
of such a system of reflecting facets.(*) 


(D) ACTION OF A SYSTEM OF FacETS—Part I. 


1. Qualitative Derivation of the Main Formulae. 


The action of a system of facets is discussed in de- 
tail in the appendix, so that a qualitative explanation 
will be sufficient. 

It is easy to show that for light sources of suffi- 
ciently small size the road brightness must be inde- 
pendent of the brightness of the source. An observer 
looking towards some spot on the road will receive 
light from all those facets which happen to be so 
oriented as to direct light from the source into his 
eye. Naturally, he cannot distinguish the single 
facets, and perceives only the average brightness of 
the observed area. Let us assume that the size of 
the light source is very small, and that it is in- 
creased, say, by a factor 2 (e.g. by placing an iden- 
tical source very close to the first). Then a second 
set of facets will come into action, which will act in 
the same way as the first set, since the geometrical 
conditions are practically the same. Therefore, the 
apparent brightness of the road will be increased by 
a factor 2. It would have similarly increased if, in- 
stead of adding a second source, the brightness of the 
first source had been doubled, so that it is obvious 
that the road brightness is determined by the product 
of size and brightness of the source, and can, there- 
fore, be expressed as being proportional to the illu- 
mination received on the road.(?) 


{n the appendix it will be shown that the following 





(‘) When carrying out this experiment it is advisable to 
use a point light source, and to bring this source close to the 
reflecting surface, in order to obtain a high illumination at 
those points G at which [I is large. If this has been achieved 
the bright areas adjacent to the black streak are then 
clearly visible; otherwise, if the strongly illuminated area 
is comparatively narrow, the whole area will be blacked out 
simultaneously. In this case it is only possible to watch the 
progress of the darkening zone as the analyser is rotated. 

(*?) Obviously this argument will break down for light 
sources so large that the sets of facets hrought into operation 
by the various parts of the source act under different geo- 
metrical conditions. In practice this case rarely occurs. A 
normal lantern 1’ 6” wide at a distance of 500’ subtends only 
about 3 per cent. of the width of the bright area. 

This argument is independent of any specific theory, as it 
rests in the end only on the linearity of the reflection process. 
If all the elementary sources practically coincide the bright- 
ness patterns on the road must also coincide, and an increase 
in the number of sources is then equivalent to an increase 
in their brightness. 


expression for the brightness factor can be derived 
Ch 

P 
cos ; cosr (4) 
where p is the ordinate of the distribution surface, p 
the refiection factor of the facets (which is dependent 
on the angle of reflection i’ at which they are used), 
and i and r are the angles of incidence and reflection 
measured from the normal to the road surface. 

It will be shown in the appendix that an approxi- 
mate allowance can be made for the shading of one 
facet by another, and that this leads to the following 
still simpler expression for the brightness factor. 
ars = Bu,-p (5) 
where fu, is the product of all the factors which 
depend on the angle of reflection i’ at which the facets 
are used (including the reflection factor) and the 
constant, and p, as before, depends only on the in- 
clination of the facet normal. 


a = const. 


Bu = const. 


2. Definition of a suitable system of co-ordinates. 


In order to make use of formulae (4) and (5), it 
will be necessary to introduce co-ordinates for the 
directions of the facet normals, in terms of which 
the value of p can be expressed. 

Two co-ordinates are necessary to denote the 
direction of the normal, and it is most convenient to 
use the following system:— 

(i) The angle A denotes the amount by which the 
normal is inclined towards the observer. A _ is 
measured, as indicated in Fig. 4, by projecting the 
normal (GN in this figure) on to the vertical central 
plane OABL by lines normal to this central plane. 
The inclination of this projection (FC) to the vertical 
(FH) is A. When this projection is inclined towards 
the observer (the case depicted in Fig. 4), A has a 
positive sign. 

(ii) Tne angle I” denotes the inclination of the 
normal across the road. Its definition will be clear 
from Fig. 4. The normal GN is projected perpen- 
dicularly on to a vertical plane across the road at 





(1) the reason for the appearance of the factors cos i and 
cos r can be easily seen qualitatively: Suppose the distri- 
bution surface is a sphere, i.e, p = const., and also p= 
const. In this case the actual road surface could be repre- 
sented by a model consisting of a large number of polished 
spheres like ball-bearings. The apparent brightness of the 
model will be proportional to the number of tiny images 
of the light source, which the observer perceives in a given 
solid angle of view, which will be inversely proportional to 
cos r owing to “ perspective crowding.” The factor 1 / cos i 
appears because the illumination on the road is proportional 
to cos i, while to the observer the number of images remains 
unaffected by a change in i. 
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right angles to the central line AB (in Fig. 4, the 
plane FGJK). The inclination of this projection— 
GJ—to the vertical—GK—gives the angle I’. Ifthe 
road behaves symmetrically about the centre-line 
AB, no special convention is necessary as regards the 
sign of I’. 

The convenience of selecting I’ as one of the co- 
ordinates lies in the fact that any photograph or other 
perspective representation of the road surface will 
give at once, for every point of the surface, the angle 
I” at which the normal to each facet must be inclined 
in order to reflect light into the eye of the observer. 
In order to find this angle it is only necessary to join 
the image of the facet in question and the image of 
the light source by a straight line. The inclination 
I of this line to the vertical is, for all practical pur- 
poses, equal to I” as will be seen from Fig. 4. The 
photograph is a central projection of the whole con- 
figuration from the point O on to some plane which is 
parallel to the plane FGJK; it may be considered, in 
fact, as a small scale reproduction of the projection 
which would be obtained by projecting from O as 
centre on to the plane FGJK. As the normal GN 
must lie in the plane OGL to enable the light from L 
to be reflected to O, it is clear that the perspective 
image L’ of the light source must lie on the perspec- 
tive image GL’ of the normal GCN (C being the point 
of intersection of GN with the line OL). The angle 
FL’G forms the angle mentioned above, and it can be 
seen that I would be equal to I” if L’ coincided 
with J, which would occur either if A =0 or if OL 
is horizontal. In all practical cases OL is nearly hori- 
zontal, since the distance AB is large compared with 
the difference in level between O and L. Further- 
more, in the majority of cases, the angle / is close to 
zero, its maximum value being only about 15°. With 
the accuracy here required, it is therefore permissible 
to replace I” by I. 

With these co-ordinates it is possible to write 

p = A,T) 

i.e., to represent the distribution surface by ordinates 
p over a plane A, [._ In practice cross sections 
through this surface will be used which are defined 
by giving A certain fixed values (A = 0 — 15° in 
steps of 2.5°), and by plotting p as a function of I. 
As we shall be interested only in relative values of p 
we can arbitrarily make p = 1.0 for A=0, [!'=0, or, 
where convenient for some cross sections, where 
r=0 but A + 0. 


3. Inferences from the facet theory—lI. 
A simple but important conclusion can be drawn 
from the theory, even without using the simplifying 


assumptions which lead to formula (5). It will now 
be shown that the brightness distribution along the 
centre-line of the bright area and along any other 
straight line drawn through the image of the light- 
source are inter-related very simply. The brightness at 
any point on any such line is, in any one case, a con- 
stant fraction of that at the corresponding point on 
the centre-line, and the factor by which the bright- 
nesses are reduced gives the relative values of p. 

For simplicity, consider first the main range of the 
bright area, i.e., points on the road surface which are 
a good distance away from the lantern and from the 
observer. Select some point (say F) on the centre- 
line of the bright area, and draw a line at right angles 
to this line (see Fig. 4). All points on this line (one 
of which is marked G) will be referred to as “ points 
corresponding to say F.” 

Compare now the brightness along this line across 
the bright area with that of the point F. As it was 
assumed that the line GF was drawn at a sufficiently 
large distance from the light source, the illumina- 
tion along this line over the distance which is of in- 
terest here will not vary to any considerable extent 
and will be equal to that at the point F. Similarly, 
there will be only a negligible variation of the angles 
of incidence and reflection (i and r). There will be 
a very small change of the angle i’, which will be 
discussed later. 

As the illumination remains constant, the varia- 
tion in brightness along this line must be due en- 
tirely to a change in the value of the brightness 
factor, and, from equation (4), this variation must 
be entirely due to a change in p, as all the other 
factors remain constant. Further, it can be seen 
from Fig. 4 that along the line FG the angle A re- 
mains constant. The change in p which has taken 
place is therefore entirely due to a change in I. 
As stated above, the value [' pertaining to any 
point G can be easily read from a photograph of 
the bright aree, and therefore the change in bright- 
ness which takes place along the line GF gives the 
ratio by which p changes, when A is kept constant 
and [ varies in an easily determined way, i.e., it 
gives a cross section through the distribution sur- 
face (*). 

Fig. 5 shows a number of such cross sections ob- 
tained from experimental results. For convenience, 
p is always given the value 1.0 for [ = 0. As these 





(4) The mutual obstruction of the facets (discussed 
above) has approximately the same influence on all the 
points along a line such as FG. The conclusion arrived at 
above is thus independent of any special assumption as to 
the magnitude of this effect. 
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LIGHT SCATTERING 


curves give the drop in brightness with increasing 
values of I’, they will in future be referred to as 
['— drop curves. 

Furthermore, it fortunately happens that for values 
of D of 200’ and more between observer and light 
source, the values of A are very small in the main 
range of the streak. Fig. 6 shows for a number of 
fixed distances D between light source and observer, 
the values of A along the streak, giving / as a func- 








tion of the angle of depression d (see Fig. 1). Only 
=" 
Oop 2S) __£_# 40 
p 
t 
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Fig. 5. Cross sections through the distribution surface, taken along 
linee of constant A. (The ordinate tor '=0 is always given the 
value p=1.0.) 


close to the lamp where the value of i naturally 
decreases rapidly is there a rapid increase in A. 
Moreover, as seen from Fig. 5, the change in the value 
of A from zero to 2.5 degrees has only a small effect 
on the shape of the drop curves (?). The brightness 
distribution throughout the main range of the 
streak (if this is now defined more exactly as that 
part of the bright area where / is smaller than 2.5 
degrees) can therefore be calculated with sufficient 
accuracy from one I—drop curve only, namely, that 
for the value A = 0. 

In the “head of the T” region, ie., for values of 
A greater than 2.5 degrees, a similar argument 
applies. Points off the centre-line will have a lower 
brightness than their corresponding points on the 





(7) This follows also from theoretical reasons: It will be 
seen that the distribution surface can be assumed to possess 
rotational symmetry. The [-dropcurvefor A = 0isa 
meridian section of this surface. As such a section pos- 
sesses stationary properties compared with sections for 
neighbouring values of A, these neighbouring sections 
cannot differ greatly in shape. 
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Fig. 6. Variation of A with d for distances D of observer 
from 100 ft. to 600 ft. 


centre-line, the main cause being a change 
in p, ie., a cross section through the brightness 
distribution will again give a cross section through 
the distribution surface for the angle A pertaining 
to the cross line in question. The angles i and i’ 
change slightly when we pass to points off the 
centre-line, and these changes are larger than in 
the main range of the streak. However, for the use 
which will be made of these drop curves, the neces- 
sary correction for this effect can be treated as being 
incorporated in the drop curve (’). 


4. Experimental confirmation.—I. 


The above conclusions will now be checked against 
experimental results. A line drawn on a photograph 
through the light source at an angle of inclination 
I’ to the vertical selects all those points on the road 
surface which reflect light into the camera lens by 
means of facets inclined at the same angle [. It is 
therefore to be expected that in the main range of the 
streak, all these points will have brightness values 
which are all lower by the same ratio than the values 
of the corresponding points on the centre-line. 

This conclusion is confirmed as will be seen from 
Fig. 7. This shows a perspective view of a light 





(?) The “head of the T-region ” is, in all practical cases, 
so far away from the observer that to a close approxima- 
tion r can be assumed to be 90°. This means that fixing the 
angle A determines the angle i for points on the centre- 
line (since i = 90 — 2A). Fixing i also fixes the point 
which in the above discussion was marked F, and, with 
that, the law of change for i and i’ for changes of [. 
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source L and of the road surface underneath, covered 
with lines of constant [ and showing also the lines 
of constant reflectivity determined experimentally. 
From this chart, the curve a on the right-hand side 
has been derived, which shows on a logarithmic 
scale the distribution of the values of 8, along the 
centre-line (line A). In the same way, the curves 
b, c, d, and e show the distribution of the values of 
B for angles T=5°, 10°, 15°, 20° respectively. Accord- 
ing to the theory, the values of 8, along these lines 
should differ by constant factors from the Bs values 
along the centre-line. On a logarithmic scale, there- 





Fig. 7. Cross sections through a bright area along lines of '=const. 


fore, the curves a, b, c, d, e should run parallel to each 
other, i.e., it should be possible to bring them into 
coincidence by shifting them through an appropriate 
amount in their ordinate direction. The f, chart 
in Fig. 7 is taken from an actual test, and the curves 
on the right hand do, in fact, behave as indicated by 
the theory, at least as far as the main range of the 
streak is concerned. 

Obviously, this method of chécking can be applied 
directly also to charts showing values of f,, or to 
values of actual road brightness B, as the ratio of 
these magnitudes is the same as the ratio of the cor- 
responding £, values(’). 

The amount of shift which is necessary to bring 
the curves b—e into coincidence with the curve a 
shows, on the logarithmic scale, the percentage drop 

1) §v differs from 6a by the factor cot i which is sub- 
stantially the same at points off the centre-line, and at their 
i nts on the centre-line; B; differs from fu 


i 
by the factor Ex which is again gee constant along 
lines at right angles to the centre-line. 








which occurs for the various values of I’, and thus 
we rN sufficient data to draw the drop curve 
p= " 

Naturally, the curves p=¢(I‘) so obtained, should 
be the same for each of the photographs taken from 
one road surface (provided they were taken from 
a distance of more than 200’ in order to keep A 
smaller than 2.5°). 

Fig. 8 shows for the road surface in question the 
various amounts of shift as obtained from the photo- 
graphs taken at the distances shown. This drop be- 
tween the various corresponding curves is practically 
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Fig. 8. Values of p as obtained from various photographs 
of a test. 























the same for the various photographs. The mean 
value of all these percentage drops gives, therefore, 
a fairly reliable method for determining this curve 
p=¢(C) which in principle could have been ob- 
tained by taking a single cross section in a single 
photograph. 

Similar confirmation was obtained for the “ head 
of the T” region. I’-drop curves were drawn for 
various angles of A, usually for A = 5°, 10°, and 
15°, and it was found that these curves, taken from 
the various photographs, were consistent with each 
other in the same way as had been found for the 
case A = 0. The curves shown in Fig. 5 have been 
obtained in this way. 


5. Use of the Theory—I. 

(i) Use of T'-drop curves—A knowledge of these 
curves obviously simplifies the whole problem, be- 
cause it is now necessary to study only the bright- 
ness distribution along the centre-line. in order to 
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LIGHT SCATTERING 


know the brightness distribution over the whole 
bright area concerned. It is also useful, in the first 
instance, in the converse direction. The brightness 
distribution along the centre-line is precisely that 
which is the least well known, as there is only one 


set of measurements available as compared with two 


for the points off the centre-line (due to the sym- 
metry of the area). Furthermore, photometry on 
the centre-line is less certain than that off the centre- 
line, because little help can be obtained here from 
With the aid of the 
drop curves, however, it is now possible to utilise all 
the available cross sections for all the various values 
of I’, to obtain additional information on the bright- 
ness distribution along the centre-line. 


(i) Method for plotting isobrightness contours.— 
A knowledge of the [-drop curves and their pro- 
perties also leads to a simple method of plotting iso- 
brightness curves on a perspective image of the road. 

Let the brightness distribution along the centre- 
line be plotted on a logarithmic scale against angles 
d of depression (similarly to Fig. 7). In order to draw 
the isobrightness contour for a given value, say B,, 
first determine from this curve the point where this 
contour crosses the centre-line. At some other point 
on the centre-line, nearer to the light source, the 
brightness will, as a rule, be greater, say, B,. The 
ordinate difference on the logarithmic scale gives the 
ratio of this rise, and from the appropriate I'-drop 
curve the value of the angle [ can be found which 
gives a corresponding drop; this value of I shows 
the departure of the contour from the centre-line 
which is necessary to bring the brightness value B, 
back to the starting value B,, and gives therefore 
two points of the contour of the brightness B,—one 
on each side of the centre-line. 


(E) AcTION oF A SySTEM oF Facets.—II. 

1. Application of the Theory to Conditions along 
the Centre-line. 

Hitherto, the theory has been concerned with the 
relation of the reflectivity of the road surface at 
points off the centre-line to its reflectivity along the 
centre-line of the bright area. It can, however, also 
be applied to the variation of reflectivity along the 
centre-line itself, and thus can be used to obtain 
mean data from the results of several photographs 
taken at various distances and to condense the repre- 
sentation of the experimental results still further. 

The basis for the next step is equation (5), 

Ba = Bu, -P (5) 
from which it appears that the observed values 8, 
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of the brightness factors along the various centre- 
lines should be obtainable as the product of a term 
Bs, = f(i’) and a factor p, which in this case (' = 0) 
depends only on the angle A. This angle is known 
for every point on the centre-line, e.g., from Fig. 6, 
which gives it in terms of the angle d. 

If it is assumed that the distribution surface can 
be treated as a surface having rotational symmetry, 
all the cross sections through the maximum of the 
surface are of the same shape, and therefore the law 
according to which p changes in this case with A 
is exactly the same as was found above for the change 
of p with T (A = 0). Therefore, if the observed 
values of Bx are divided by the corresponding 
values of p, the values of By, for these points are 
found and can be plotted in terms of i’. 


2. Experimental Confirmation and Use of the 
Theory.—IlI. 


Equation (5) includes an assumed term to 
correct for the shadow effect. If this equation and 
the other assumptions are valid, then the values of 
Bsa, found from various photographs of the same 
surface taken at different distances should fall upon 
the same curve. Fig. 9 shows the set of points thus 
obtained from a series of eight photographs which 
seem to indicate that the assumptions made are rea- 
sonably valid. The smooth curve drawn through 
them constitutes the last stage in the process of 
combining and smoothing the results from several 
photographs; and the complete reflection properties 
of the surface can now be represented by the curve 
of Fig. 9, which gives By, as a function of i’, and 
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Fig 9. Variation Of Bu, with the effective angle i’ of reflection 
at the elementary facets. 
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by the set of ['-drop curves (Fig. 5). Actually, as 
the distribution surface is assumed to possess rota- 
tional symmetry, the set of ['-drop curves is already 
determined by the cross section for A = 0, from 
which all the others could be derived. Fig. 5 shows 
in dotted lines a few drop curves which have been 


ANGLE OF 
INCIDENCE 


e= 88 





87° 








80° 
—-ANGLE OF VIEW 


Comparison of Taylor’s measurements for Tar 


Fig. 10. 


Macadam (full line) with the values obtained by the author 
from graphs |! and 12 (dotted line). 











80" 85° Be° 
a | 


Figs. 1] and 12. Values of <x 


= f(i’)) and p = (A) as derived by the author from Taylor's measurements for Tar Macadam. 
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obtained in this way. They agree satisfactorily with 
those found experimentally. As there is no diffi- 
culty, however, in determining these curves experi- 
mentally, and as it is desirable to include the cor- 
rection mentioned at the end of Section (II.p.3), it 
seems preferable to work with the complete set of 
these curves. 


At this point of the investigation the theory for 
once took the lead over experiment. When bright- 
ness distributions were worked out from these con- 
densed data it was found that they always showed 
a pronounced maximum in the “head of the T” 
region (e.g. point X in Fig. 3). Those peak values 
had not been noticed, and the isobrightness con- 
tours which had been drawn on the photographs 
appeared to cover the complete range of brightness 
values recorded. It was, therefore, gratifying to find, 
on examination of the original negatives, that these 
peak values actually existed in the predicted magni- 
tude. Owing to their small area they had escaped 
attention. 

A further check on the validity of the product re- 
presentation was undertaken by applying it to the 
results published by Taylor(') for wood paving and 
tar macadam. Fig. 10 shows in full lines Taylor’s 
results as measured for tar macadam, and in dotted 
lines the results as synthesised from a curve (Fig. 11) 





(‘) L.C.1I., Comptes Rendus, 1928, p. 49. 
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LIGHT SCATTERING 
Bu, = f(i’) and (Fig. 12) p = ¢(A).  (’) Similar 
good coincidence between experimental and theoreti- 
cal results was obtained in Taylor’s investigation on 
wood paving. 

Fig. 12, which gives the curve p = ¢(A), shows a 
slight asymmetry and rises slightly beyond 1.0 for 
values of different from zero. A similar rise, but for 
the opposite sign of A\, was observed for wood paving. 
These effects may possibly be due to experimental 
errors which are difficult to avoid in work of this 
kind. 


(F) FURTHER USES OF THE THEORY. 
1. Position of maximum brightness. 


It has already been stated that the position of maxi- 
mum brightness does not generally coincide with the 
image point (i.e. that point at which, in the case of a 
perfect mirror, the observer would see the image of 
the light source). It is usually much closer to the 
lamp. This can be explained by the theory as pre- 
sented above. 

From the graph fu, = f (i’) it will be seen that fx, 
varies rapidly with change in the angle i’; on the 
other hand, the value of p does not differ very much 
from 1.0 in the main part of the streak. Within the 
main part of the streak, therefore, the point on the 


L 











Fig. 13. 





(7) The graphs of Figs. 11-12 were derived from the experi- 
mental results as follows: First draw lines like the chain- 
dotted curve in Fig. 10, connecting all those measured points 
having constant values of A. The chain-dotted line in Fig. 11 
corresponds to the value A = 9. To each of these diagonal 
curves there pertains a horizontal scale of i’-values. By 
using transparent paper these curves can be shifted hori- 


_ zontally so that all the i’-scales coincide with that for the 


line drawn for A = 0. _ It will then be found that for each 
curve a slight additional vertical adjustment is sufficient to 
make the curve itself coincide with that for A = 0. The 
amounts of these vertical shifts indicate the change of p 
with d from which Fig. 12 is derived, while all the super- 
imposed diagonal curves can be represented by a mean curve 
giving (x, as function of i’. (Fig. 11.). 
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centre-line where the maximum value of fx occurs 
is simply the point at which i’ is greatest. 


This occurs at the point M, at which a circular arc 
through lamp and observer is tangent to the centre- 
line (see Fig. 13). This point is further away from 
the observer than the image point I. _ If the light 
source L moved along the circular arc shown in the 
Fig. 13 until it reached L’, which is level with the eye 
of the observer O, then the image point would 
coincide with M. If the lamp is shifted back from L’ 
to L, it is then evident from the figure that the image 
point must shift closer to A. 


This argument applies to the point where Bs = Bz, 
is maximum. In addition, the illumination increases 
towards the foot of the post so that the position of B, 
max. is still further removed from the image point 
towards the source. In moving from the image point 
towards the lamp, (A steadily increases above zero, and 
therefore the value of p, which had been assumed to 
be constant p = 1.0, decreases; though in the main 
range of the streak the decrease is very slow. This 
decrease in p may reduce, but cannot annul, the 
separation of the position of maximum brightness and 
the image point. 


In general, the position of maximum brightness 
will be found close to the “head of the T” region, 
in the neighbourhood of the greatest width of the T. 
The existence of the “head of the T” is, in fact, 
closely connected with the existence of this: maxi- 
mum. This can best be followed from the graphical 
method for plotting the isobrightness contours de- 
scribed above. The distance of a given contour from 
the axis at any part of the bright area is determined 
by the amount of “drop” necessary to reduce the 
centre-line brightness to the level for which the 
contour is drawn. Where the centre-line brightness 
is high, therefore, the contours of lower value will 
lie far from the axis. This means that through- 
out the main range the isobrightness contours are 
very similar to, and are related to, the curve which 
represents the brightness distribution along the 
centre-line. The existence of the “head of the T” 
is therefore a direct indication of a maximum value 
of brightness occurring on the centre-line; its width 
is actually accentuated, as in this region the I'-drop 
curves for A = 0 are replaced by those for higher 
values of A. As shown above by Fig. 5, these curves 
have a smaller slope than that for A = 0, and there- 
fore a larger deflection T is required for the same 
amount of “drop.” The I'-drop curves for the larger 
values of A have smaller slopes than those for 
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A = 0, because these curves are cross sections of a 
surface of revolution taken at increasing distances 
from the axis. 


2. Changes in reflection properties with changes in 
the physical nature of the surface. 

It is to be hoped that through the facet theory, the 
physical texture of the road surface material may be 
correlated with its reflection properties. The follow- 
ing remarks may be looked upon as first and qualita- 
tive steps in this direction. 

If a road surface is subject to traffic wear, it is 
known that the bright areas generally become 
brighter and, in some cases, also narrower; the posi- 
tion of maximum brightness may also move closer to 
the observer. In terms of the facet theory, this be- 
haviour is easily understood. Traffic wear may be 
expected to polish the individual surface irregulari- 
ties, which explains higher brightness; it may also 
change the distribution law for the facets by increas- 
ing the relative number of facets of more horizontal 
orientation compared with the number of facets of 
inclined orientation. From this, it follows that the 
brightness will then be relatively less at points off 
the centre-line, i.e., the bright area must become 
narrower. For the same reason (as p will decrease 
more quickly with an increase in /\), the position of 
maximum brightness will shift closer to the observer. 

Effects somewhat similar to those caused by traffic 
wear are caused in general by wetting of the surface. 
On a road which is already fairly smooth, the water 
layer will smooth out irregularities, and therefore 
increase the relative number of horizontal facets; at 
the same time, it will increase the reflection efficiency 
of the facets. Thus the bright areas degenerate into 
the well-known bright but narrow “ streaks.” 

Quite different effects are produced when a rough 
surface is wetted (but not flooded). Again, the water 
layer will increase the reflection efficiency of the 
facets covered, and this increase will be even more 
marked than in the case of a smooth surface, since 
when the surface is rough, the more steeply inclined 
facets will not be much polished by traffic. But 
when the surface is wet the bright area will be spread 
to a considerable width, due to the fact that so many 
facets of substantial inclination to the horizontal 
come into action. 

Conclusion. 

The theory which has been described is an attempt 
to explain a complex property of a very variable 
surface operating under somewhat critical condi- 
tions. It has been necessary to make many assump- 





tions, omissions, and simplifications, and obviously 
there are many criticisms to be met before it can be 
strictly applied. But it has already proved its use in 
bringing order into what is only too often an experi- 
mental chaos, and it is to be hoped that, as theory 
and experiment continue to elucidate one another, 
some simple results will have evolved for the guid- 
ance of the illuminating engineer. 


List of Symbols Used. 


A, dA area of elementary facets. 

B, brightness of light source. 

Br brightness of road surface. 

E, illumination of road surface. 

Bx brightness factor of road surface. 

Ey illumination of plane vertical to road surface and 

facing light source. 

By brightness factor of road surface, related to Ey 

reflection factor. 


co-ordinate angles (see Fig. 1.) 


co-ordinate angles (see Fig. 4.) 


relative area of acting facets. 

i angle of reflection at which elementary facet acts. 

2 solid angle subtended by source at a point on the 
road surface. 

w solid angle subtended by facet normals. 


APPENDIX I.—Derivation of the Main Formulae. 

In Fig 14 a small element of the road surface of area F 
is illuminated from a light source L at an angle of inci- 
dence i, and observed by an observer O at a distance at 
an angle of reflection r. Consider a light source of such size 
and shape that it subtends at F the small rectangular solid 
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LIGHT SCATTERING BY ROAD SURFACES 


angle dQ, with the components di, and di,; dQ = di, di, ; 
di, lies in the plane LFO, and di, is at right angles to this 
plane. 

We will now determine the direction of the normals of 
those facets which can send light into the eye of the 
observer. As the direction of the incident rays can vary 
within the small solid angle dQ, the direction of the 
normals of the. facets may also vary within a small solid 
angle which is obviously also rectangular. The direction 
of this pencil of normals bisects the angle LFO. To find 
the size of its components, imagine a sphere of radius unity 
drawn arcund F and assume that the arcs di, and di, are 
drawn on this sphere. M and N are points also on this 
sphere, and may denote two corners of the solid angle da. 
O’ denotes the point of intersection of the line FO with 
the sphere. It is easily seen that when the incident ray 
varies through the angle di,, the normals of the facets must 
make a corresponding movement, in the same plane, of the 


d 
amount da, = S If the direction of the incident ray 
varies through the angle di, vertical to the plane LFO, the 
normals of the facets must make a corresponding move- 
ment at right angles to this plane, the amount of which is 


di 
The 


dag = ——_,,, 
~ 2 coset 


where i’ is half the angle LFO. 


1 , 
factor ane appears for the following reason:— 


Draw the lines MO’ and NO’ to cut the pencil of normals 
at the distance M’F = N’F = l.cos i’ from F. If the direc- 
tion of the incident ray varies from MF to NF, the 
corresponding movement of the normal is then from M’F 
to N’F. Now M’F must lie in the plane MFO’, and N’F in 
the plane NFO’; therefore M’N’ = 4 MN, and the elementary 
angle M’FN’, which is subtended by M’N’ at F, is then given 

M’N’ 
by cos i’ 
It follows that the solid angle contained by the pencil 
of normals is 





di, dig ~ dQ 
dw=3~" Scosi’ 4 cos i’ 
and the area of facets available within F is 
da 
dA=F.p.dw=F.p. ir 
Each of the elementary facets appears to the observer 
flashed to the brightness B,.0, where B, denotes the 
brightness of the source L and p the reflection efficiency 
of the facet. The illumination which these facets produce 
at the eye of the observer at a distance | is then given by 
_ dA.cosi’.B,.p F.p.do.B,.p 
ill P * 4l2 
B, . “5 cosr wees 








This expression must be equal to 


denotes the average brightness of the element of road 
surface F. Comparing these two expressions, it follows that 
ae B,.dQ.p.p Ex.p.p 
tT 4ecosr 4cosi.cosr 





for B,.cos i.d2=E,g the illumination produced by L 
B . 
at F. Since pa = En (Equation (1) ) 
a P-p 
Pam eee cosi.cos r 


When i or r approaches 90°, 8x according to this formula 
tends to become infinite. This useless result is due to the 
fact that in the derivation of the formula no consideration 
was given to the obstruction of one facet by another. 


The magnitude of this effect depends naturally on the 
structure of the surface. As, so far, no information is 
available on this point, we have to make some assumption 
and compare its results with experimental observations. The 
shadowing effect increases evidently 

(a) with an increase in angle 7’; 

(b) with an increase in angle A. 
A convenient empirical correction factor which meets these 
requirements is 





sin? A 
ne 
cos* 1 
This form was chosen because when it is applied to the 
formula of Equation (4) its form can be conveniently 
simplified. 


Since i= i’— Aandr=i'+ A, this equation becomes 








‘ sin2 ‘ 
Su =const * P f (a _ 4 =const * ne a 
cos i-cos r cos? i cos? i 
ai const. p 
or writing By, = - = By, « 
& Bu. cost 1 Bu = Bu, + P 


APPENDIX 11.—Method of Transforming Co-ordinates. 

It may be valuable to give the method for transforming 
the system of co-ordinates i’, A and I’ used in this paper 
into the system i, r, 6, used elsewhere (and vice versa). 

The formulae for this purpose are arrived at by drawing 
a hemisphere round the point at the road surface at which 
the reflection takes place. 

It is then seen that for small values of ¢ and for large 
values of i andr (i.e., for the main range of the streak) 
ae es 


. 2 





r—i 
A= 





(independent of 4) 


(A defined to be positive if normal 
inclined towards observer). 


Sey i alae i+r 
tan T=>3 cos 1 ae cos — 


Conversely 
i=i'—A 
r=i’+A 
6 = 2cosi’.tan’. 
APPENDIX 111.—Tables. 
giving A, i’ andi = @as function of depression angle d 


for various distances of source D. 
(Height of source 25’, height of observer 5’). 

















D=100'. 
| d | A i’ 7 i | 
| degrees | degrees _ degrees | degrees 
| 3.5 | 25.2 61.3 610 
3.6 23.5 62.95 39.5 
ey ee ee 65.4 44.7 
4.0 | 18.6 67.35 48.7 
4.5 | 15.0 70.5 55.5 
5.0 | ee 72.35 59.8 
on 4 9.7 74.25 64.5 
ee cae Ge... 75.1 67.2 
8.0 | 6.6 75.4 68.8 
9.0 5.5 75.45 69.9 
10.0 4.6 75.4 





70.8 
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D=1650'. 
d A i’ i 
degrees degrees degrees degrees 
2.5 16.4 71.2 54.8 
2.8 12.4 74.8 62.4 
3.0 10.8 76.2 65.4 
3.5 8.3 78.2 69.9 
4.0 6.8 mis | 3 
5.0 5.0 79.95 | 74.9 
6.0 3.9 80.15 | 76.3 
7.0 mi wee} Ma 
8.0 2.2 79.85 | 77.7 
9.0 1.5 46 | A 
10.0 0.8 79.2 | 78.4 
D=200'. 
d A | i’ ] i 
| degrees degrees _ degrees degrees 
| 1.6 24.2 | 642 40.0 
1.8 14.8 73.4 58.6 
2.0 10.9 17.1 66.2 
2.2 8.8 79.05 70.3 
2.4 7.5 80.2 72.8 
2.6 6.5 80.95 74.5 
3.0 5.3 81.8 76.5 
3.5 4.2 82.3 78.1 
4.0 3.5 82.5 79.0 
5.0 2.5 82.55 | 80.1 
6.0 1.7 82.35 80.7 
7.0 1.0 82.05 81.1 
8.0 0.3 81.7 81.4 
9.0 —0.3 81.3 81.6 
10.0 —0.9 80.85 81.7 
D=300'. 
d A i’ i 
degrees degrees degrees degrees 
1.1 15.6 a. 57.7 
1.2 10.5 78.3 67.8 
1.4 6.7 81.95 75.3 
1.6 5.1 83.35 78.3 
1.8 4.2 84.05 79.9 
2.0 3.6 84.45 80.9 
| 2.2 3.1 84.7 81.6 
2.5 2.6 84.9 82.3 
3.0 2.0 85.0 83.0 
4.0 1.1 84.9 83.8 
5.0 0.5 84.55 84.1 
6.0 —0.2 84.15 : 84.3 
7.0 —0.8 83.75 84.5 
8.0 —1.3 83.3 84.6 
9.0 —1.8 82.85 84.7 
10.0 —2.4 82.4 84.7 























D=400'. 

d A i’ i 
degrees degrees degrees degrees 
0.8 15.0 74.2 59.2 
1.0 5.7 83.3 77.6 
1.2 3.7 85.0 81.2 
1.4 3.0 85.65 82.7 
1.6 2.4 86.0 83.6 
2.0 1.8 86.2 84.4 
2.5 1.3 86.25 85.0 
3.0 0.9 86.15 85.3 
4.0 0.2 85.8 85.6 
5.0 —0.4 85.4 85.8 
6.0 —1.0 84.95 86.0 
7.0 —1.5 84.5 86.0 
8.0 —2.0 84.05 86.1 
9.0 —2.6 83.55 86.1 
10.0 -—3.0 83.05 86.1 

D=6500'. 
d A i’ i 
degrees degrees degrees degrees 
6 23.7 65.7 42.0 
8 4.6 84:6 80.0 
1.0 2.9 86.15 83.3 
1.5 1.6 86.95 85.4 
2.0 1.0 87.0 86.0 
3.0 0.3 86.75 86.5 
4.0 —0.3 86.3 86.65 
5.0 —0.9 85.9 86.8 
6.0 " 1.4 85.4 86.85 
7.0 —1.9 84.95 86.9 
8.0 —2.5 84.45 86.95 
9.0 —3.0 83.95 86.95 
10.0 —3.5 83.5 87.0 
D=600'. 
d A i’ i 
degrees degrees degrees degrees 
0.5 21.2 68.35 47.2 
0.6 5.5 83.95 78.5 
0.8 2.5 86.65 84.1 
1.0 1.8 87.2 85.4 
1.5 1.0 87.5 86.5 
2.0 0.6 87.45 86.9 
3.0 0.1 87.1 87.2 
4.0 —0.6 86.6 87.3 
5.0 —1.2 86.2 87.4 
6.0 —1.7 85.7 87.4 
7.0 —2.2 85.2 87.45 
8.0 —2.7 84.7 87.45 
9.0 —3.2 84.25 87.5 
10.0 —3.7 83.75 87.5 
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PRESIDENTIAL MESSAGE 


TO MEMBERS OF THE ILLUMINATING ENGINEERING SOCIETY 


I had hoped, on this date, to deliver to members the customary Presidential Address, 
taking as my main subject the technical work carried out at the meeting of the Interna- 
tional Commission on Illumination, held in Holland in June last. This is, unfortunately, 
impossible in the present circumstances. Instead of this I have been asked to convey 
to members of the Society a message, outlining our course of action as a Society during 
the national emergency that has arisen. 

For the moment many of our normal activities must be curtailed. In common with 
other scientific and technical bodies we have decided that our programme of meetings 
must be deferred until conditions are more favourable. The position will, however, be 
reviewed before the end of the present year. 

For the time being many normal fields of lighting activity are suspended, and our 
energies must accordingly be diverted into other channels. 

It is already apparent that there will be need for the service of the Society in con- 
nection with many special problems confronting the authorities. As many of you are 
aware, a special Committee has already been set up to deal with such matters. Associ- 
ated with it are a number of Sub-Committees composed of members having special know- 
ledge of the problems involved. Such questions as the Provision of Even Illumination 
of Low Intensity; the Comparative Advantages of White Light and Coloured Light for 
Weak Exterior Illumination; the Provision of Light-Locks for Shop Entrances; Fluor- 
escent and Phosphorescent Materials and their special applications in war time have 
already been the subject of study. 

A number of British Standard Specifications have already been issued, and I would 
like to take the opportunity of paying a high tribute to my predecessor in the presidential 
chair, Mr. Percy Good, whose association with the British Standards Institution has proved 
of signal value in meeting these varied demands on our services. 

These Committees have been working at high pressure in order to satisfy the urgent 
demand of authorities. We have every expectation that these opportunities for service will 
be extended, and that the help of others of our members, including those in provincial 
centres, will be needed. This in itself will help to keep members in contact one with another 
and to maintain the framework of the Society. It is also hoped that some of these in- 
vestigations will afford useful information for publication in The Transactions and Light 
and Lighting, which it is hoped to continue publishing at regular intervals. 

Members are asked, therefore, to do everything possible to assist in maintaining the 
activities of the Society. Members who have been approached to read papers are asked to 
continue work on the preparation of them, so far as they are free to do so, in order that 
they may be available for ultimate delivery or publication. 

Members are specially desired to keep the Honorary Secretary informed of their new 
addresses to which publications should be sent, and to send him any news or data in 
regard to lighting matters of interest to fellow members. 

It is also desired that all members of the Society who are free to assist in investiga- 
tions of special lighting problems referred to the Society by Government Departments 
should send in their names, mentioning any special qualifications and, where available, 
any facilities for experiments in laboratories at their disposal. 

October, 1939. : F. C. SMITH, President. 
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British Standard Specification (BS/ARP 16) for 


METHODS OF PROVIDING EVEN 


ILLUMINATION OF 


LOW INTENSITY (0.002 FOOT-CANDLES)t 





This Specification has been prepared under the aegis of a Joint Committee of the Illuminating Engineering Society and the Home Office (A.R.P. 


Deparment) bv a Sub-Committee of the Society. 


It forms one of a series of Specifications issued by the B.S.I. at the request of the Air Raid 


Precautions Department of the Home Office. 


1. General.—This specification covers lighting 
fittings—both gas and electric—suitable for providing 
an even illumination of 0.002 ft.c. when the fittings 
are installed as described herein. 


2. Design.—The design of the fittings shall be such 
that the following conditions are fulfilled:— 


(a) The fittings shall not emit any measurable 
light above 5° below the horizontal. 


(b) The light output shall be such that, when 
installed as specified below, the fittings shall pro- 
duce and maintain a horizontal illumination of 
approximately 0.002 ft.c. at ground level. 


(c) When the fittings are installed as recom- 
mended, the illumination on a horizontal surface 
shall be reasonably uniform. 


(d) For conversion purposes each fitting as a 
whole shall be capable of insertion in or attach- 
ment to the existing electric holder or gas fitting 
which is to be converted.* 


Any design fulfilling the above conditions may be 
adopted, but for guidance descriptions of approved 
constructions of electrical and gas fittings are given 
below. Fittings conforming to these descriptions may 
be designated “ IES/ARP.002.” 


1ES/ARP.002 ELECTRICAL FITTING. 


3. Construction.—The fitting shall consist of an 
iron or aluminium cup, together with a shade of the 
same material, of the type and dimensions shown in 
Fig. 1. The shade shall be adapted for use with a 
standard bayonet cap holder in accordance with 
B.S.52. 


The dimensions of the cup and its position relative 
to the lamp filament and rim of the shade shall be 
accurately observed, but the contour of the shade 
need not be followed so precisely. 


The inside of the shade and cap shall be treated 
with a double coat of dead matt neutral grey or black 
material, as specified in Table 1, which shall be per- 
manent in character and evenly distributed. 


The mounting height and the words “ 15-watt 
lamp” shall be indelibly marked on the outside of 
the fitting and on any package containing the fitting. 


4, Lamps.—The lamp to be used at all mounting 
heights shall be a 15-watt pearl (internally frosted) 
tungsten filament lamp, complying with BS. 161. 





5. Spacing.—The spacing shall not be less than 
four times the mounting height above the ground 


Adaptor fo existing 


P z at holder 
a= SI ae ta 
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Fig. 1. Electric fitting to furnish an even illumination of 0.002 ft.c. 





Published by the British Standards Institution, 28, Victoria Street, London, S.W.1. 
*Care must be taken to ensure that the converting unit is such that jt will operate satisfactorily with the fitting to which it is to be attached. 
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TABLE 1. 





Mounting Height 


Reflecting Powers (Per Cent.) 


Internal Coating* 











a 20 feet 


10 feet Not above 5 
15 feet 10—15 
20—30 


Matt Black 
Battleship Grey (specimen 2) 
Battleship Grey (specimen 3) 


(specimen 1) 











* The tints required for the internal coatings corresponding with the various mounting heights are those illustrated in the specimens 


provided as an Appendix to this Specification. 





level, and the fitting shall be maintained in a vertical 
position. 


IES/ARP.002 GAS UNIT. 


6. Construction.—The whole output of light from 
the fittings shall be controlled by an iron or alumin- 
ium shade, cup, and shield of the type and dimen- 
sions shown in Fig. 2. The dimensions of the cup and 
its position relative to the nozzle and rim of the shade 
shall be accurately observed. 

The mantle shall be surrounded by a cylindrical 
silica (“ Vitreosil”) globe of the dimensions shown 
in Fig. 2. 

The inside and outside of the shade, cup, and shield 
shall be black and shall have a dead matt black 
surface. 

The fitting shall be marked to show the size of 
mantle to be used for each mounting height. 


7. The size of mantle to be used for various mount- 
ing heights is as follows:— 


Mounting height 10 ft. 15 ft. 20 ft. 
Mantle ... l—limina 1—BSaif 1—B.S.t 
with upper shield 
Gas Rate B.Th.U./Hour 500 875 875 


Note.—The B.S.I. mantle referred to in Clause 7 
corresponds to what is commonly known in the trade 
as a “Bijou” size of mantle. 





{British Standard Specification for Low Pressure Gas 
Mantles, No. 884-1939 (in preparation). 


For the 15-ft. mounting height only, the light out- 
put of the 1—B.S., mantle shall be reduced by the 
addition of the upper shield shown in Fig. 2. 

The dimensions assumed for the limina mantle are 
shown on this Figure. 

8. Spacing.—The spacing shall not be less than 
five times the mounting height above the ground 
level. 
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Fig. 2. Gas fitting to furnish an even illumination of 0.002 ft.c. 














APPENDIX. Tints required for the internal coatings specified in Table I. 





Matt Black. 
(Reflection Factor not exceeding 5%.) 


Battleship Grey. 
(Reflection Factor, 10%—15%.) 


Battleship Grey. 
(Reflection Factor 20%—30%.) 


NOTE. In the original specifications painted samples showing the actual tints appear 
inan Appendix. The shades shown above are illustrative and approximate only. 
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British Standard Specification (BS/ARP 20) for 


METHODS FOR PROVIDING EVEN 


ILLUMINATION OF 


LOW INTENSITY (0.02 FOOT-CANDLES)t+ 





This Specification has been prepared under the aegis of a Joint Committee of the Illuminating Engineering Society and the Home Office (A.R.P. 
Department), by a Sub-Committee of the Society. It forms one of a series of Specifications issued by the B.S.I. at the request of the Air 
Raid Precautions Department of the Home Office. 


1. General.—This Specification covers lighting 
fittings—both gas and electric—suitable for provid- 
ing an even illumination of 0.02 ft.c. when the fit- 
tings are installed as described herein. 


Note.—Fittings suitable for providing an even illu- 
mination of 0.002 ft.c. are described in Specification 
BS/ARP 16. 


2. Design.—The design of the fittings shall be such 
that the following conditions are fulfilled :— 


(a) The fittings shall not emit any measurable 
light above 5° below the horizontal. 


(b) The light output shall be such that, when 
installed as specified below, the fittings shall pro- 
duce and maintain a horizontal illumination of 
approximately 0.02 ft.c. at ground level. 


(c) When the fittings are installed as recom- 
mended, the illumination on a horizontal surface 
shall be reasonably uniform. 


(d) For conversion purposes each fitting as a 
whole shall be capable of insertion in or attach- 
ment to the existing electric holder or gas fit- 
ting which is to be converted.* 


Any design fulfilling the above conditions may be 
adopted, but for guidance descriptions of approved 
constructions of electrical and gas fittings are given 
below. Fittings conforming to these descriptions 
may be designated “IES/ARP.02” and should be so 
marked. 


1ES/ARP.02 ELECTRICAL FITTING. 


3. Construction.—The fitting shall consist of an 
iron or aluminium cup, together with a shade of the 


same material, of the type and dimensions shown in 
Fig. 1. The shade shall be adapted for use with a 
standard bayonet cap holder in accordance with 
B.S. 52. 


The dimensions of the cup and its position rela- 
tive to the lamp filament and rim of the shade shall 
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Fig. 1, Electric fitting to furnish even illumination of 0.02 ft.c. 


be accurately observed, but the contour of the shade 
need not be followed so precisely. 


The inside of the shade and cup shall be treated 
with a double coat of dead matt neutral grey or black 





+Published by the British Standards Institution, 28, Victoria Street, London, 8.W.1. 


*Care must be taken to ensure that the converting unit is such that it will operate satisfactorily with the fitting to which it is to be attached. 
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TABLE 1. 





Mounting Height 


Reflecting Power (Per Cent.) | 


Internal Coating* 











10 feet Not above 5 
15 feet 5—10 
20 feet 10—15 


Matt Black 
Battleship Grey (specimen 2) 
Battleship Grey (specimen 3) 


(specimen 1) 











*The tints required for the internal coatings corresponding with the various mounting heights are illustrated in the specimens 


provided as an Appendix to this Specification, but are not here shown. 


(See p. 131). 
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Mounting Height. 10 ft. | 15 ft. | 20 ft. 
| 
Dimension A, inch Ke Ye 1 
Dimension B, inch He 0-—e 0—e 

















Fig. 2. Gas fitting to furnish an even illumination of 0.02 ft.c. 


material, as specified in Table 1, which shall be per- 
manent in character and evenly distributed. 

The mounting height and the words “100-watt 
lamp” shall be indelibly marked on the outside of 
the fitting and on any package containing the fitting. 


4, Lamps.—The lamp to be used at all mounting 
heights shall be a 100-watt pearl (internally frosted) 
tungsten filament lamp, complying with B.S. 161. 


5. Spacing.—The spacing shall not be less than 
four times the mounting height above the ground 


level, and the fitting shall be maintained in a ver- 
tical position. 


IES/ARP.02 GAS FITTING. 

6. Construction—The whole output of light from 
the fittings shall be controlled by an iron or alu- 
minium shade and cup of the type and dimensions 
shown in Fig. 2. The dimensions of the cup and its 
position relative to the nozzle and rim of the shade 
shall be accurately observed. 

The mantles shall be spaced and shall be sur- 
rounded by a cylindrical clear glass globe, as shown 
in Fig. 2. 

The inside and outside of the shade and cup shall 
be black, and shall have a dead matt black surface. 

The fittings shall be marked to show the size of 
mantle and the mounting height. 

7. Mantles.—Three mantles shall be used in each 
fitting, and the sizes of mantles to be used for various 
mounting heights are as follows: — 





Mounting Height. 10 ft. 15 ft. 20 ft. 
BNE ~ cnivptensiekiukciasiates B.S.,7 BS.,¢ BS.,f 


Gas Rate (B.Th.U/hour) 2400 2400 2400 
Dimension A (Fig. 2) inch # ty 1 
Dimension B (Fig. 2) inch * * 0O—; O-—-}+ 


8. Spacing.—The spacing shall not be less than 
five times the mounting height above the ground 
level. 





+ British Standard Specification for Low Pressure Gas 
Mantles, No. 884-1939 (in preparation). The B.S.; mantle 
herein referred to corresponds to what is commonly known 
in the trade as a “ Bijou” size of mantle. 





The Illuminating Engineering Society is not, as a body, responsible for the opinions 
expressed by individual authors or speakers. 


With a view to avoiding possible confusion with other publications, reference to 
these Transactions should be in the form :—*‘ Trans. Illum. Eng. Soc. (London).” 
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British Standard Specification (BS/ARP 21) for 


METHODS FOR PROVIDING EVEN 


LOW 


ILLUMINATION OF 


INTENSITY (0.2 FOOT-CANDLES)t 





This Specification has been prepared under the aegis of a Joint Committee of the Illuminating Engineering Society and the Home Office (A.R.P. 
Department), by a Sub-Committee of the Society. It forms one of a series of Specifications issued by the B.S.I. at the request of the Air 
Raid Precautions Department of the Home Office. 


1. General.—This Specification covers lighting 
fittings—both gas and electric—suitable for pro- 
viding an even illumination of 0.2 foot-candles when 
the fittings are installed as described herein. 


_ Note.—Fittings suitable for providing even illumina- 
tions of 0.002 and 0.02 foot-candles are described in 
Specifications BS/ARP 16 and BS/ARP 20 respectively. 


2. Design.—The design of the fittings shall be 
such that the following conditions are fulfilled:— 

(a) The fittings shall not emit any light above 
the horizontal. 

(b) The fittings, installed as recommended, 
shall produce and maintain an illumination on 
a horizontal surface of approximately 0.2 foot- 
candles with a reasonable uniformity within the 
working area at ground level. 

(c) For conversion purposes each fitting as a 
whole shall be capable of insertion in or attach- 
ment to the existing electric holder or gas fit- 
ting which is to be converted.* 


3. Main Features of Suitable Fittings—Any de- 
sign fulfilling the above conditions may be adopted, 
but for guidance, descriptions of approved construc- 
tions of electrical and gas fittings are given below. 
The fittings described should be installed at heights 
of not less than 10, 15 and 20 feet respectively, and 
furnish an intensity of an order not exceeding 20, 
45 and 80 candle-power in the direction of the down- 
ward vertical; and the spacing should not be less 
than twice the mounting height of the fitting above 
the ground. 

The contour of the shade and the nature of its 
inner reflecting surface should be such as to pro- 
duce a symmetrical distribution of light about the 
vertical axis and of a character falling within the 
full-line curves shown in Fig. 1. In such circum- 
stances the closer the distribution curve approaches 
the “Ideal Curve” (“C”) shown dotted on the dia- 
gram the greater will be the degree of uniformity 
attained. 

4. Marking of Fittings.—Fittings conforming ‘to 
these descriptions may be designated “IES/ARP/0.2,” 
and should be so marked, and the power of the light 
source (electric lamp or gas mantle) and the corre- 
ae mounting height should be clearly indica- 
ted. 

1ES/ARP/0.2 ELECTRICAL FITTING. 

5. Construction.—The fitting shall consist of a 

bowl-shaped opaque reflector, substantially as 


shown in Fig. 2, and of such a size as to shield com- 
pletely the lamp bulb when viewed horizontally 
with reference to its lower edge. The shade shall 











Fig. 1. Limiting and Objective Polar Curve shapes for 
IES/ARP/0.2 Fittings. 
Note.—The polar curves of the fittings should lie within the area 
enclosed by curves A and B, 
For a Spacing/Mounting Height ratio of 2: | lower diversity of 
illumination will be obtained with a polar curve approximating to 
the shape of Curve C. 


be adapted for use with a standard bayonet cap 
holder in accordance with B.S.52. 


6. Lamps.—The lamps shall be pearl, internally- 
frosted tungsten lamps complying with B.S. 161, and 
of power as follows:— 


Mounting Height. Power, 
10 ft. 15 watt 
15 ft. 25 watt 
20 ft. 40 watt 


1ES/ARP/0.2 GAS FITTING 


7. Construction—The fitting shall consist of a 
metal shade and cup of the type shown in Fig. 3, the 
dimensions of the shade and cup, and their positions 





Published by the British Standards Institution, 28, Victoria Street, London, S.W.1. ; : , ae 
Gare must “4 taken to ensure that the converting unit is such that it will operate satisfactorily with the fitting to which it is to be attached. 
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relative to the nozzle, being maintained within the 
tolerances stated. 


The mantle shall be surrounded by a frosted glass 
globe, as shown in Fig. 3. 
The inside of the shade shall be sprayed with two 
coats of aluminium paint. 
Opaque Cover LTT 8. Mantles—One mantle shall be used in the 
fitting, the power and size being as follows:— 
Mounting Height. Mantle. Gas Rate. 
10 ft. Limina 500 B.Th.U. per hr. 
15 ft. *BS, a % 


j ” ” 

il 20 ft. *BS, 1200, » » » 
lly * British Standard Specification for Low Pressure 
il Gas Mantles, No. 884-1939 (in preparation), The BS, 
1a and BS, mantles herein specified correspond to those 
generally known as “ Bijou” and “ No. 2” or “ Cluster ” 
; mantles respectively. The dimensions to which the 

Limina mantle should conform iare shown in Fig, 3. 
Li + Light centre 
APPLICATIONS FOR MEMBERSHIP 
Elections Pending. 

: Applicants for Membership to be presented, for the 
: first time, at the General Meeting, on Tuesday, 
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ee clause, . 
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VISUAL EFFICIENCY. IN COLOURED LIGHT 
By C. DUNBAR, M.Sc. (Member) 


(Photometry Division, National Physical Laboratory) 
(Communicated) 


SUMMARY. 

The visual efficiencies of observers in a street scene 
which was illuminated in turn with sodium, mercury, and 
white light have been compared. The scene was a 
brightness replica of a selected street-lighting installation 
reproduced on a screen by means of a cinematograph film. 
The street lamps were introduced into the picture from 
behind the screen. 

Two films were used for the tests. In the first film, 
objects in the street scene were suddenly presented to the 
observer, while in the second, the objects were allowed 
gradually to attain the contrast which they presented in 
the actual installation. The number of objects detected by 
each observer was noted and the time taken to detect each 
object was automatically recorded. 

The comparison of visual efficiency was carried out at 
three brightness levels, and for each comparison the street 
scene had the same distribution of photometric brightness 
whatever the illuminant, i.e., the comparison was based on 
sources of the same lumen output. 

The results obtained at the three brightness levels, and 
with both methods of object presentation, show no 
significant differences in the number of objects detected 
with the three illuminants. An analysis of the detection 
times has also failed to reveal grounds for attributing a 
superiority to any one of the three illuminants. 

The investigation gives no support to the claim that the 
visibility of objects in a street lighting installation will be 
improved by using sources which emit light of a particular 
spectral quality. 


Introduction 

During the last few years mercury and sodium 
electric discharge tubes have been playing an impor- 
tant part in general lighting. The monochromatic 
yellow light of the sodium tube and the polychro- 
matic blue-green light of the mercury tube have both 
been used with advantage for certain visual tasks. 
For instance, it has been stated that the sorting of 
coal from shale has been facilitated by the use of 
mercury tubes, and that the use of sodium tubes has 
led to a greater efficiency in work which involves the 
study of fine detail. On the other hand, these dis- 
charge tubes have also been used in circumstances 
in which the claims for an increase in visual effi- 
ciency over that in “white” light have not as yet 
been experimentally established. An important 
practical case in point is that of street lighting, and 


an account is given below of an investigation which 
has been made into the problem of visual efficiency 
in coloured light with special reference to the street 
lighting case. 

It will be convenient here to review briefly the ex- 
perimental basis for the arguments in favour of the 
use of discharge tubes in street lighting. 


(A) VisuaL ACUITY. 

It is well known that visual acuity, i.e., the ability 
to perceive fine detail, is greater in monochromatic 
light than in white light at the same level of illu- 
mination(!). There seems to be some doubt as to 
whether visual acuity is greater in mercury light 
than in white light, and it may be that this depends 
on the level of illumination at which the comparison 
takes place(?). 

The increase of visual acuity in monochromatic 
sodium light has been used as an argument in favour 
of the use of sodium discharge tubes in street light- 
ing. The validity of this claim must depend on the 
extent to which visual acuity plays a part in the de- 
tection of an object in the street. Opinion on this 
latter point is very divided. Some writers feel that 
the perception of fine detail on the surface of an ob- 
ject and the perception of its sharp outline are impor- 
tant factors(*). Other writers, however, are of the 
opinion that visual acuity is of minor importance in 
street lighting and that the only thing which really 
matters is the perception of the object by silhouette, 
the object being seen in bulk and being wholly or 
partly contrasted against the background(‘*). In their 
opinion, object detection is a._matter of contrast sen- 
sitivity. It is interesting to note that the brightness 
difference threshold for sodium light is not appre- 
ciably different from that for white light at bright- 
nesses between 0.002 and 0.2 candle/sq. ft. and for 
test spots between 0.6° and 1.5° in diameter(5). On 
the basis of contrast sensitivity, therefore, no advan- 
tage can be claimed for the use of sodium discharge 
tubes. ~ 

(B) PURKINJE EFFECT. 

As the level of illumination decreases, the eye be- 
comes relatively more sensitive to blue light than to 
red light. This phenomenon is known as the 
“ Purkinje Effect.” It has been argued that as a re- 
sult of this effect, which is operative at brightness 
levels common in street lighting, the apparent differ- 
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ence in brightness between an object and its back- 
ground will be greater in sodium light than in either 
white or blue light for the same values of illumina- 
tion of both object and background(®). 

If this enhancement of contrast does take place in 
sodium light, it means that if a small area of the 
retina and the surrounding retina have different illu- 
minations, they can also have different relative sen- 
sitivities to red and blue light. While this may be 
the case, it is certain that, as a result of interaction 
across the retina, the difference in relative sensitivi- 
ties will be less than if the whole of the retina was 
adapted in turn to the two illuminations concerned. 
It seems quite possible, therefore, than an enhance- 
ment of contrast may only occur if the difference in 
brightness between an object and its background is 
large, i.e., when the object is in any case easy to de- 
tect. It should also be pointed out that no enhance- 
ment of contrast can take place when foveal vision of 
an object is employed, since the Purkinje effect does 
not operate. 

It will be seen that such evidence as exists, bear- 
ing on the claims for a greater visual efficiency by 
discharge tube lighting, is not entirely convincing, 
and experimental work under conditions akin to 
those in the street is needed in order to decide 
whether any material increase in visual efficiency 
arises from the use of discharge tubes as street- 
lighting units. 

Statement of Problem. 

The main purpose of the investigation described 
below is to determine whether an observer in a 
street-lighting installation has a greater chance of 
detecting objects if the light from the street lamps 
has a particular spectral distribution. At present, 
only three spectral distributions are of practical 
importance, namely those of sodium, mercury, and 
white light. White light is usually taken to include 
the light given by all those sources in common 
use which depend on the incandescence of a solid 
body. Although the radiations from such sources 
are not identical in spectral distribution, yet the 
differences are small compared with that between 
any one of them and either of the discharge tubes. 
For the purpose of this investigation, the gas-filled 
tungsten filament lamp is taken as a representative 
white light source. 

It must be emphasised that the investigation is 
not concerned with the relative merits of particular 
systems of light distribution and source arrange- 
ment generally associated with the three types of 
illuminant. The investigation considers only the 


effect of spectral distribution on visual efficiency. 
In other words, it deals solely with the case of an 
installation in which the spectral composition of 
the light emitted from the street lamps is changed 
without the lumen output or candle-power distri- 
bution of the lamps being in any way affected. 

The experimental work in an investigation of 
this type is necessarily confined to the laboratory. 
In any three installations employing the discharge 
tube and white light sources there must inevitably 
be many variables which influence object visibility, 
and it would be difficult to correct for these vari- 
ables without prejudicing the results of the investi- 
gation. On the other hand, it is very desirable 
that the experimental conditions should approximate 
as closely as possible to those of the practical case. 
In other words, the types of object to be used, the 
brightness level and brightness pattern of the 
background against which objects are to be seen, 
the difference in brightness between each object and 
its background, and the amount of glare, should be 
those which can normally be associated with a 
street-lighting installation. 

One method of satisfying these requirements is 
to select some particular and typical street-lighting 
installation and to reproduce a brightness replica 
of the installation in the laboratory. The experi- 
mental arrangement should be such that it is a 
simple matter to change the spectral distribution of 
the light emitted by the street lamps without alter- 
ing any other factor which affects object visibility. 


Experimental Technique. 
1. REPRODUCTION OF BACKGROUND BRIGHTNESS. 

Suppose that a plate photograph of the selected 
street-lighting installation is taken, and the devel- 
oped plate is placed in front of a uniformly bright 
opal sheet and re-photographed with a cinematograph 
camera. If the optical system of a cinematograph 
projector has been arranged to give a uniform bright- 
ness on the screen when the gate of the projector is 
empty, then the ratio of the brightness at any two 
points in the picture when the film is projected should 
theoretically be the same as at corresponding points 
in the installation photographed provided that the 
following conditions have been satisfied:— 

(a) The exposure time for the plate has been 
such that the range of brightness in the instal- 
lation (excluding the brightness of the street 
lamps) produces a density range on the de- 
veloped plate which lies wholly on the straight- 
line portion of its characteristic curve, i.e., the 
curve which for a specified set of development 
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conditions relates the density of the photo- 
graphic image to the logarithm of the exposure. 
A typical characteristic curve is shown in 
Fig. 1. 

(b) The exposure time for the film has also 
satisfied the conditions that the density range 


TYPICAL CHARACTERISTIC CURVE . 
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of the image obtained on photographing the 
plate negative lies wholly on the straight-line 
portion of the characteristic curve of the film. 

(c) The product of the gradients of the 
straight-line portions of the characteristic 
curves (i.e., the product of the gammas) of the 
plate and film is equal to unity. 


If these conditions are observed, a simple adjust- 
ment of the intensity of the light source in the 
projector should theoretically be sufficient to produce 
on the screen either the brightness distribution of 
the installation photographed, or the brightness 
distribution which the installation would have if the 
lumen output of the street lamps was changed simply 
by altering the candle-power in every direction in 
the same ratio. 

In practice, a certain amount of scattered light is 
produced during projection. This scattered light is 
superimposed on the picture and produces the effect 
of an apparently lower gamma. It is necessary, 
therefore, to work with a gamma product which is 
greater than unity, the exact value being determined 
by trial with the projector system employed. 

It is possible by this method to obtain on a screen 
a picture of a street lighting installation in which the 
brightness distribution of the background against 


which objects are to be seen is an extremely close 
approximation to that in the installation photo- 
graphed. 

2. REPRODUCTION OF OBJECT BRIGHTNESS. 

For the purpose of the investigation, it is now 
necessary to introduce into this picture of the instal- 
lation objects which are the same in angular size 
and brightness as objects which could occur in the 
actual installation and in corresponding positions. 

It will be apparent from what has been said pre- 
viously that if an object is placed in some position 
in the installation before the plate photograph of 
the installation is taken, then when the film is pro- 
jected and the picture viewed by an observer from 
such a position that he obtains the correct angular 
view of the street, then both the angular size of the 
object and its brightness relations will be reproduced 
for the observer. 


3. REPRODUCTION OF GLARE. 

It is obviously impossible to reproduce the bright- 
ness of the street lamps in an installation by the 
projection method described above. There is, 
however, a simple method of overcoming this 
d‘fficulty. 

When an observer has the correct angular view of 
the projected picture, the angle subtended at his eyes 
by the line joining any two points in the picture is 
the same as that subtended at the camera lens by 
the line joining corresponding points in the installa- 
tion photographed. In particular the angular separa- 
tion between each street lamp and any object in the 
street scene will be the same whether the observer 
is looking at the picture or is in the installation with 
his eyes at the position of the camera lens. It is only 
necessary to ensure that the illumination produced 
in the plane of the observer’s eyes is the same in 
the two cases in order to reproduce the correct 
degree of disability glare.* 

This equivalence of eye illumination can be 
obtained by cutting holes in the screen in the posi- 
tions of the street lamps in the projected picture, and 
by placing a lamp in a whitened box behind the 
screen. The brightness of the street lamps can then 





*Laboratory experiment (7) has shown that if an object 
is presented against a brightness B, and the field of view 
contains glare sources which produce illuminations E, Eo, 
etc.. in the plane of the observer’s eyes, and the sources 
have angular displacements 41, @2, etc., from the observer’s - 
direction of view, the brightness difference threshold for 
the object is the same as if it was presented against a 
background #8 in the absence of glare, where 

B=B+k (Ey : Ep» ) 


jan + 7 jr 
(6! 95 


k and n being constants. 
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be adjusted independently of that of the picture, and 
a simple adjustment of the size of each aperture is 
alone necessary in order to produce the desired 
values of eye illumination. 

It should be pointed out that this method of re- 
producing a street scene in the laboratory, while 
simple in many respects, does suffer from one dis- 
advantage. Owing to the grain structure of the plate 
and film, an object in the picture must necessarily 
not have quite such a hard and sharp outline as it 
had in the installation. This slight deviation from 
the practical condition will, however, be the same 
for all the illuminants compared in the investigation. 


‘Preparation of Film. 
The street selected for reproduction in the 
laboratory is shown in Fig. 2. The ratio of the maxi- 





Fig. 2. Photograph of Street selected for Reproduction. 


mum to minimum brightness of the road surface was 
4:1, but parts of the surround had a brightness as low 
as 1/100th of the maximum road brightness. 

A number of plate photographs of the installation 
were taken from the same camera position, and all 
were exposed for the same length of time. For each 
of the photographs, except one, a typical object such 
as a model man or dog (see Fig. 2) was placed in 
some selected position in the street. For the remain- 
ing plate, the street was left empty. The plates were 
developed together in the same tank to obtain as little 
variation in density as possible from plate to plate. 

The film was made up in the following manner. 
' Referring to Fig. 3, two lamp boxes with opal win- 
dows were arranged with the windows at right angles 
to one another. Plate A, which contained no object, 
was placed over one window, and plate B, which 
contained some selected object, was placed over the 


other. The lens C of a cinematograph camera could 
view both plates by reflection from and transmission 
through a half-silvered plate D, the optical paths 
ADC and BDC being equal. A telescope T was also 


OPTICAL ARRANGEMENT FoR FILM PREPARATION. 








arranged so that it could view both plates by reflec- 
tion and transmission. Plate B was carried on an 
adjustable slide so that the images of A and B in T 
could be exactly superimposed. The brightnesses of 
the opal windows were adjusted so that the apparent 
brightnesses of the two plates at corresponding points 
were equal when viewed from C. A number of frames 
of the film were exposed to plate A only, and then 
the exposure was switched to plate B. By replacing 
plate B by others containing different objects and 
repeating the procedure, a positive film was obtained 
which, on projection, gave exactly the same street 
scene the whole time, but in which, at intervals, an 
object suddenly appeared at some point in the street, 
persisted for a time, and just as suddenly disappeared. 
Exact superposition of the plates with respect to the 
camera was necessary in order to ensure that no kick 
of the picture took place when an object was pre- 
sented. This method of object presentation will be re- 
ferred to in future as the “ instantaneous ” type. 

It was also possible to arrange that objects should 
be presented in rather a different manner. The ex- 
posure for a number of frames of the film was made 
on plate A, and then the exposure time for successive 
frames was divided between plate A and plate B in 
such a way that a continually increasing fraction of 
the exposure took place on plate B, until, finally, it 
was made wholly on plate B. After a number of 
frames had been exposed to plate B only, the ex- 
posure was gradually moved back to plate A. When 
this film was projected, an object gradually attained 
the brightness contrast which it had in the actual 
installation, retained this contrast for a time, and 
then gradually faded out again. The transition period 
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from zero to full contrast was one second. This 

method of object presentation will be referred to in 

future as the “ fading” type. 

Reproduction of Identical Streets of Different Colour. 
It is well known that the eye is not equally sensit- 

ive to light of different wavelengths. Two fields of 

different colour will be judged equally bright by an 


K, EK, da _ is the same for both fields, 


where E, g 1s the amount of energy emitted between 
wavelengths A and A +d and the integration extends 
over the wavelength range of the visible spectrum. 
K, is the “ luminosity ” (or “ visibility ”) factor, i.e., 
a factor which measures the sensitivity of the 
observer’s eyes to light of wavelength A. ‘The reia- 
tion between K, and A varies somewhat between 
individuals, but is independent of the brightness level 
provided that the latter is sufficiently high. For the 
photometric comparison of sources of different 
colour a standard relation between K, and A has 
been adopted and is known as the “ Standard Lumin- 
osity Curve.” 

If the brightness falls below a certain value, how- 
ever, the Purkinje effect begins to operate and the 
eye becomes relatively more sensitive to blue light 
than to yellow light. Blue and yellow fields which 
appear equal in brightness at a high brightness level 
will not appear equal in brightness when viewed 
through a neutral glass of low transmission, although 
the photometric brightnesses of the two fields (i.e., 
the brightnesses based on the standard luminosity 
curve) will still be equal. 

If the lamps in a street are replaced by others which 
emit light of a different spectral composition but 
which have the same lumen output and candle-power 
distribution, then neither the photometric nor the 
apparent brightness at any point in the street will be 
affected by this substitution, provided that all bright- 
nesses in the street are above the level at which the 
Purkinje effect begins to operate. On the other hand, 
if the brightnesses in the street fall below this value, 
then, although the photometric brightness at any 
point in the street is still unchanged, the apparent 
brightness at that point will depend on the colour of 
the light emitted by the sources. | 

In this investigation it was obviously impossible to 
compare the visibility of objects in a street scene 
which had the same distribution of apparent bright- 
ness whatever the colour of the light emitted by the 
sources. The range of brightness in the scene was 
100 : 1, and equality of apparent brightness could only 
be obtained at one particular brightness in the scene. 
It was fairer and more logical to give the street scene 


observer if 


the same distribution of photometric brightness what- 
ever the colour, i.e., to base the comparison on sources 
of the same lumen output. 

It has been assumed above that the reflection factors 
of objects and backgrounds in a street are indepen- 
dent of the colour of the light with which they are 
illuminated. The experimental work described here 
was carried out on this basis. The effect that selective 
reflection is likely to have on the results is discussed 
later. 

The method of reproducing a street scene described 
previously made it a simple matter to change the 
colour of the light emitted by the street lamps. It 
was only necessary to change the sources in the pro- 
jector and behind the screen. The intensities of the 
sources after the substitution had then to be adjusted 
so that both the photometric brightness at any point 
in the picture and the illumination produced by the 
street lamps on the eyes of the observer were un- 
changed. Sodium and mercury discharge tubes were 
used as the sources of coloured light, so that the 
spectral distributions compared were those which 
occur in street lighting. Since a photographic film 
is a good neutral filter the spectral composition of the 
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light emitted by a source was affected very little by 
transmission through the film. 

When a source in the projector was replaced by 
another of a different colour it was a simple matter 
to retain the same value of photometric brightness at 
one particular point in the picture. It was necessary 
to ensure, however, that the brightness distribution 
as a whole was unaffected by the substitution, espe- 
cially as sources of very different luminous area had 
to be used in the projector. The source size might 
conceivably affect the apparent gamma of the film. 
In this work an image of the source was thrown on 
to a diaphragm which was used to adjust the screen 
brightness. This diaphragm acted as the source for 
the condenser illuminating the gate of the projector. 
The aperture in the diaphragm was always small in 
comparison with the area of the condenser and a 
direct test, the results of which are given in Fig. 4, 
showed that if equality of photometric brightness was 
obtained at one point in the scene for two sources 
which differed greatly in luminous area (viz., a mer- 
cury discharge tube and a tungsten filament lamp), 
then the distribution of brightness in the picture was 
the same throughout. 


Experimental Procedure. 


For a comparison of the visual efficiency of 
observers in a street scene which was illuminated in 
turn by mercury, sodium, and white light, it was 
necessary that the same observer should view the 
film three times. To eliminate practice effects as 
much as possible the observers were divided into 
three groups, and while the three illuminants were 
taken in cyclic rotation, each group of observers com- 
menced with a different colour. 

An cbserver who was to view the film was in- 
structed to press a key in front of him as soon as he 
detected an object, and then to call out the approxi- 
mate position of the object in the street, e.g., “‘ centre 
of carriage way,” “ left footpath,” etc. The key oper- 
ated the electro-magnetic shutter of a cinematograph 
camera which photographed a revolution counter 
geared on to the driving shaft of the projector. The 
gearing was such that the counter reading changed 
by one for every frame of the film which passed 
through the gate of the projector. As, when the film 
was made up, the number of frames between the 
beginning of the film and the first exposure of each 
object was counted, and the position of each object 
was also noted, it was possible to determine from the 
reading photographed by the cinematograph camera 
and the observer’s statement of the approximate 


position of an object whether his impression of the 
occurrence of an object was correct. The time it took 
the observer to detect an object could be deter- 
mined to one-twentieth of a second. The speed of pro- 
jection was twenty frames per second, and was regu- 
lated by means of a stroboscopic disc. No object was 
presented to the observers at full contrast for more 
than three seconds, as it was felt that a longer detec- 
tion time than this would be of little use in the street. 


Experimental Results. 

It was possible that the relative visual efficiencies 
of the observers in sodium, mercury, and white light 
might depend on the range of brightness in the street 
scene. It was decided, therefore, that comparisons of 
visual efficiency should be carried out with different 
general levels of brightness in the scene. At each 
level, however, the ratio of the brightnesses at dif- 
ferent points in the scene was to be kept constant. 
It will be convenient to indicate the conditions for 
each comparison by referring to the maximum road 
brightness in the street scene. 


INVESTIGATION 1. 

In the first investigation a maximum road bright- 
ness of 0.1 equivalent foot-candle was used. The 
film contained thirty-two object presentations, all of 
the type where an object appeared and disappeared 
instantaneously, and eighteen observers took part in 
the comparison. 

The number of object detections obtained by the 
eighteen observers with sodium, mercury, and white 
light was 359, 360, and 378 respectively, out of a pos- 
sible total of 576 with each illuminant. 

A more detailed presentation of the results is given 
in Fig. 5a. The number of detections of each object 
with a particular illuminant is plotted against the 
average number of detections of that object with the 
three illuminants. In the case where these quantities 
are equal, the point will lie on the continuous line in 
the figure. 

It will be seen that over the range from practically 
invisible to easily visible objects, the number of 
detections of an object with a particular illuminant 
rarely differs by more than two detections from the 
average for the three illuminants. It would be very 
difficult to claim a superiority in promoting object 
detection for any one of the three illuminants from 
a consideration of the distribution of the points about 
the continuous line. 

In an experiment of this type at least some of the 
difference between the number of detections of an 
object with each of the three illuminants may be due 
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to pure chance. To minimise differences which are 
caused in this way the objects have been divided 
into groups of five, the first group containing the five 
objects which were, on the average for the three 
illuminants, the most difficult to see, and so on. Two 
objects which were seen on every occasion on which 
they were presented have been omitted so as to give 
six complete groups. In Fig 5b the number of detec- 
tions of the objects in each group with a particular 
illuminant has been plotted against the average num- 
ber of detections for that group with all three 
illuminants. It will be seen that only one point differs 
by more than four detections from the mean value 
for its group. In the exceptional case the difference is 
seven detections. 

The question now arises as to what significance can 
be attached to the differences in the number of object 
detections obtained with the three illuminants. Con- 
sidering first the group analysis in Fig. 5b, let us 
assume that all the objects in a particular group have 
the same probability of detection, that this prob- 
ability is independent of the illuminant and equal to 
the average number of detections obtained for that 
group with the three illuminants divided by the 
possible number of detections for the group. Then 
it can be shown from probability considerations that 
the number of detections obtained for a group with 
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a particular illuminant would differ, on the average, 
by seven or more detections from the mean value for 
the three illuminants once in every six repetitions of 
the experiment. This result is obtained from the 
formula-- 


P = Cr p(l—p)"— 


where P is the chance that a number of detections 
r will be obtained in n exposures of an object whose 
probability of detection is p. 

If all the objects are treated as a single group, the 
number of detections obtained with white light is 12 
greater than the average number of detections 
obtained with the three illuminants. Before consider- 
ing the chance of such a difference occurring, it is 
only fair that objects should be eliminated which 
were seen on practically every occasion on which 
they were presented or which were hardly seen at all. 
The inclusion of such objects in the analysis will 
increase the probability of a given absolute deviation 
from the mean occurring. If we eliminate all objects 
which were seen on the average more than seventeen 
times or less than once, the numbers of detections 
with sodium, mercury, and white light become 185, 
180, and 201 respectively. The number of detections 
with white light is still 12 greater than the average 
for the three illuminants, but the number of object 
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presentations with each illuminant has been reduced 
from 576 to 342. It can be shown that the number 
of detections with a particular illuminant would differ 
by 12 or more from the mean for the three illumin- 
ants on the average once in every four repetitions 
of the experiment. 

It appears, therefore, that whether we consider the 
objects in groups according to their probabilities of 
detection, or whether we consider all the objects as 
a single group, the differences between the numbers 
of detections obtained with the three illuminants can 
reasonably be attributed to pure chance, and hence 
the experiment has failed to establish a superiority 
in promoting object detection for any one of the three 
illuminants. 

It remains now to consider the detection times 
obtained for the various objects with the three illu- 
minants. In this analysis, certain difficulties were 
encountered. For example, in some cases the num- 
ber of detections of an object with one illuminant 
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Instantaneous object presentation. Maximum road brightness=0.1 e.f.c. 
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exceeds the number obtained with each of the other 
two illuminants, and the additional detections in the 
one illuminant are made in a relatively long time. df 
an average detection time for the object is obtained 
for each illuminant, these additional detections, 
which should represent a gain in visual efficiency, 
may adversely affect the average detection time for 
the illuminant in which they were obtained. Another 
difficulty that arises is that the same observers do not 
necessarily contribute towards the number of detec- 
tions of a particular object with each of the three 
illuminants. To take an extreme case, if three 
observers detect an object with white light and a 
different three observers detect the same object with 
mercury light, a comparison of the average detection 
times of the object with the two illuminants has little 
meaning. The fairest method of comparing the rela- 
tive speeds of vision of the observers with the three 
illuminants seems to be to include in the analysis the 
detection time for a particular object only if the 
observer who obtained that detection time has seen 
the object with each of the three illuminants. For 
the purpose of analysis, the objects have been 
arranged in such an order that the number of 
observers who saw an object with all three illu- 
minants increases. The objects have been divided 
into three equal groups, Group 1 containing the 
most difficult objects, and so on. The average detec- 
tion time for the objects in each group and with each 
of the three illuminants is given in Table 1. 

















TABLE 1 
| Group | Sodium | Mercury White 
| 1° | 1.03 secs. | 1.01 secs. 0.96 sec. 
iol ae es OP 0.80 ,, 
Ra a. = 0.66 ,, 











It will be seen that there is nothing to choose be- 
tween the average detection times in sodium and 
mercury light. The average detection time in white 
light is never larger than in the other two colours. 
These results show that neither sodium nor mercury 
light is superior to white light in so far as speed of 
vision in the street scene is concerned. If a 
superiority could be claimed on the differences ob- 
tained it would be in favour of white light. 

In Fig. 6 the detection times of all objects seen 
with a particular colour have been plotted in the 
form of a frequency curve. The times are grouped 
into equal logarithmic intervals, the number of times 
falling in a particular interval being plotted against 
the mean time of the interval. As the total number 
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of detections is approximately the same for each 
colour, any bodily displacement of one frequency 
curve along the time axis relative to another repre- 
sents a gain or loss (according to the direction of 
shift) in the general time of detection of the objects. 
The curves for sodium and mercury light are prac- 
tically co-incident, but the curve for white light 
shows a very slight gain in general detection time. 
This is in agreement with the result obtained in the 
group analysis which was restricted to objects seen 
in each colour by an observer. 


INVESTIGATION 2. 

The results of the above investigation which were 
obtained using a maximum road brightness of 0.1 
equivalent ft. candle could not be taken as conclu- 
sive for the whole range of brightness encountered 
in street lighting. In view of the small differences 
obtained in this investigation, however, the number 
of observers in subsequent work was restricted to 
nine. If any significant difference had been found 
at a particular brightness level, the number of ob- 
servers could have been increased. 

In the second investigation, the film contained 
twenty-four object presentations of the instantaneous 
type. The comparison was conducted at maximum 
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road brightnesses of 0.3, 0.1, and 0.03 equivalent foot 
candle. The results obtained for the number of 
object detections are given in Figs. 7a, 7b, 8a, 8b, 9a, 
9b. For Figs. 7b, 8b, 9b, the objects have again been 
arranged in groups of five, the four easiest objects be- 
ing omitted so as to give four complete groups. The 
total number of detections with each illuminant at 
each brightness level is given in Table 2. The pos- 
sible number of detections in each case was 216. 


TABLE 2 
| Total No. of Object Detections 


are 


Maximum 








| Road Brightness _| pace ee | White | 
| 0.3 e.f.c. | 181 | 182 181 | 
OF}... 151 150 160 | 


0.03 ,, 130 131 134 | 


The results at the highest and lowest brightnesses 
call for little comment. The totals for the three illu- 
minants are so nearly equal, and the spread of the 
results for each group in Figs. 7b, 9b is so small, that 
it can be said immediately that no difference be- 
tween the three illuminants can be deduced in so 
far as object detection is concerned. 

At a maximum road brightness of 0.1 equivalent 
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foot candle the number of detections with white 
light is again slightly greater than with either mer- 
cury or sodium light. If we consider the groups in 
Fig. 8b, the maximum displacement of a point from 
the continuous line is four detections. On the 
assumption of equal probabilities of detection in the 
three illuminants, this or a greater deviation from 
the mean for the group would, on the average, occur 
once in every four repetitions of the experiment. 
Also, if the total number of detections is decreased 
by eliminating objects seen on the average on more 
than 8.5 occasions or less than 0.5, a deviation of 
seven or more detections from the mean total for the 
three illuminants would occur once in every six re- 
petitions of the experiment. These probabilities are 
similar to those obtained in the first investigation 
and at the same brightness level. 

The detection times at the three brightness levels 
have been treated in exactly the same way as in the 

INVESTIGATION 2. Instantaneous object presentation. 
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first investigation. The average times in the three 
groups at each of the three brightness levels are 
given in Table 3. The frequency curves embracing 
all object detection times in each colour are given in 
Figs. 10, 11, 12. 

Considering the results in Table 3, there is little 


TABLE 3 


| Average Detection Times 











Maximum : | | i sl | . 

| Road Brightness [O°"P | Sodium | Mercury | White 
es [05 secs. 1.01 secs. | 0.91 secs. 
O3efe. || 2 |l069 ,, |0.73 ,, |0.69 ,, | 
|| 3 }060 ,, |064 ,, |060_,, | 

| 1 |/1.03 im. aa 

| 0.1 e.f.c. 2 VOTl .. O76 s,, (Oe s 
— ; 3 064 ,, |065 ,, |0.65_,, 
| 1 f1.17 104 ,, | 1.08 ,, 

0.03 e.f.c. | 2 lo.s4 , 2. (6c y 

| 3 joe ,, [069 ,, 10.69 ,, 
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evidence of a greater speed of vision with a particular 
illuminant. The only groups which show any marked 
differences are the first group at the highest bright- 


INVESTIGATION 2. Instantaneous object presentation. 
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ness and the first group at the lowest brightness. In 
the first case, white light gives a smaller average 
detection time than either mercury or sodium light, 
while in the second case sodium light gives a longer 
detection time than the other two illuminants. It 
should be noted that the first group at each bright- 
ness level contains the most difficult objects and the 
number of detections included is much smaller than 
in the other two groups. One interesting result of 
this investigation is that although white light again 
gives a greater number of detections at the inter- 
mediate brightness, the gain in average detection 
time obtained in the first investigation is not con- 
firmed here. 

As far as the frequency curves embracing all 
object detections are concerned, the differences 
obtained between the three illuminants are again 
very slight. There is a slight displacement in favour 
of white light at the highest brightness and a slight 
displacement in favour of sodium light at the lowest 
brightness. 

INVESTIGATION 3. 

In the third investigation the film contained 
twenty-two objects of the “fading” type. This 
method of object presentation afforded a much more 
difficult test than the “ instantaneous” method. The 
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in the comparisons. The results obtained for the 
number of object detections are given in Figs. 13a, 
13b, 14a, 14b, 15a, 15b. For Figs. 13b, 14b, and 15b, the 
objects have again been arranged in groups of five, 
the two easiest objects being omitted. The total 
number of detections with each illuminant at each 
brightness level is given in Table 4. The possible 
number of detections in each case was 198. 

TABLE 4 

Total No. of Object Detections 


Maximum 


| 
| 
| 
| 








Sodi ” 

Riek Deigkieens | “C= | Serer | Wane 
0.3 ef.c. 110 | ~~ (104 109 
of ys 78 78 80 


| 0.03 ,, 65 59s 68 
The chief difference in the totals is obtained at the 
lowest brightness level where mercury light gives 
a smaller number of detections than the other two 
illuminants. Even if the very easy and very diffi- 
cult objects are eliminated, the deviation from the 
mean total, or a greater deviation, could by chance 
occur once in every three repeats of the experiment. 
As the number of detections has decreased con- 
siderably, due to the increase in the difficulty of the 
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task, the treatment of the detection times has been 
modified. The frequency curves have been omitted 
as they become rather erratic. Also, in considering 
the average detection times for objects seen by an 
observer with all three colours, the objects have been 
considered as a single group instead of the three 
groups used previously. The results for each bright- 
ness level are given in Table 5. 


TABLE 5 


Average Detection Times 


bie win! 





Maximum } 
S i p\ y hi | 
Road Brightness |_"O"™ _| “wenry | "EM 
0.3 e.f.c. 1.69 secs. | 1.76 secs. | 1.56 secs. 
Of’ ;. 1.79 ge? oe hw, 
0.03. ,, 188 4, 4 208 4 SA, | 


It will be seen that white light gives a shorter 
average detection time at the highest brightness, and 
a longer average time at the lowest brightness. 
Taking the three brightnesses together the average 
detection time is the same for each colour. 


Effect of Selective Reflection. 
The results described above were obtained on the 
assumption that the reflection factors of objects and 
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backgrounds in a street scene would be independent 
of the spectral distribution of the light emitted by 
the street lamps. This is not necessarily the case. If 
an object is highly coloured it is possible that, as a 
result of the colour contrast between the object and 
its background, the object may still be visible when 
the photometric brightnesses of the object and back- 
ground are equal. In other words, if the object and 
its background have specified photometric bright- 
nesses the probability of the object being detected 
will generally be greater when the object and back- 
ground are of a different colour. If, on the average, 
the reflection factors of objects and backgrounds in 
the street are independent of the colour of the light 
with which they are illuminated, then this colour 
contrast effect must operate in favour of white light. 
The more nearly monochromatic the light from the 
street lamps becomes, the more will contrasts by 
colour be reduced. It should be pointed out, however, 
that at the’ low values of brightness common in 
street lighting, the eye is rather insensitive to colour 
contrasts. 

The question of whether the brightness contrasts 
between objects and backgrounds in the street will, 
on the average, be independent of the colour of the 
light emitted from the street lamps is a rather more 
complicated problem. Luckiesh and Moss (8) have 
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examined 595 pairs of colours in sodium light and in 
tungsten light. Their results showed that sodium 
light produced the greater brightness contrast in 267 
cases and tungsten light in 152 cases. On the other 
hand, the contrasts enhanced in tungsten light were, 
on the average, in a lower range of visibility than 
those enhanced in sodium light, i.e., the contrasts en- 
hanced in tungsten light were likely to be more 
valuable in promoting object detection. 

Moon and Cettei (°) have also examined 229 speci- 
mens of cloth used in making suits and overcoats. 
Their results show that, on the average, the reflection 
factor of clothing is the same whether the light from 
the street lamps is sodium, mercury, or white light. 

When one considers the above results in conjunc- 
tion with the fact that ‘for the great majority of road 
surfaces and for a large proportion of objects in the 
street the amount of coloration is quite small, it 
seems reasonable to conclude that the results of the 
investigations described previously are in no way in- 
validated by the absence of colour differences in the 
street scene presented to the observer. 


Summary of Results. 
The work described above shows no significant 


differences in the number of object detections ob- 
tained in sodium and in mercury light. With the 
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“instantaneous ” method of object presentation used 
in Investigations 1 and 2 the total numbers of detec- 
tions obtained with each of these two illuminants are 
practically identical at each brightness level. With 
the “ fading ” method of object presentation the num- 
ber of detections obtained with mercury light was 
slightly less than with sodium light at the lowest 
brightness level. Taking into account both the results 
of the other six comparisons and the calculated prob- 
ability of the observed discrepancy occurring, it 
seems not unreasonable to consider the difference 
obtained in this one investigation to be due to pure 
chance 


In none of the comparisons can the number of 
detections obtained with white light be considered 
inferior to that obtained with either of the other two 
illuminants. Both in the first investigation and in the 
second investigation, at a maximum road brightness 
of 0.1 equivalent foot-candle, the number of detec- 
tions with white light was slightly greater than with 
the other two colours. It is doubtful whether the 
difference can be considered as significant, and it is 
not confirmed in the comparison at this brightness 
level with the “ fading ” objects. 

As far as concerns the average detection times, 
based on objects seen in all three colours by an ob- 
server, no significant differences have been obtained 
between the three colours. The frequency curves 
embracing all object detection times have also failed 
to show any real differences in speed of vision. 

The results of this work give no support to the 
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belief that the vision of objects in a street lighting 
installation will be improved by an interchange of 
any two of the three types of sources considered 
above, simply as a result of the spectral quality of 
the light which the sources emit. 
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APPLICATIONS FOR MEMBERSHIP. 


Elections Pending. 

At the General Meeting held at the E.L.M.A. Light- 
ing Service Bureau (2, Savoy Hill, London, W.C.), at 
6 p.m. on Tuesday, November 14, 1939, the names of 
the applicants announced in the last issue of THE 
TRANSACTIONS (Vol. IV., No. 9, Sept., 1939, pp. 135, 136), 
and also the following (since received) were pre- 
sented for the first time : — 


CORPORATE MEMBER :— 


Studholme, J. S............. 13, Endlebury Road, Ching- 
ford, Lonpon, E.4. 


Elections Completed. 

At this meeting the names of those announced on 
May 9, 1939, which had been published in THe TrRan- 
SACTIONS (Vol. IV., No. 5, May, 1939, p. 96), were 
presented again, and these applicants were formally 
declared members of the Society. 





SPECIAL EXTRAORDINARY MEETING: 
December 5th, 1939 


In view of the feeling expressed that the arrange- 
ments in regard to Fellowship in the Society should 
be concluded as soon as possible, an Extraordinary 
Meeting of the Society will be held at Caxton Hall, 
Caxton Street, Westminster, S.W.1. (near St. James’s 
Park Station), on Tuesday, December 5. 


Light refreshments will be provided at 5.30 p.m. 

The meeting will commence at 6.0 p.m., when the 
proposals of the Council will be placed before Corpor- 
ate Members of the Society for their approval. The 
proposals will involve certain modifications in the 
Articles and By-Laws of the Society, revised versions 
of which have been circulated to all Corporate 
Members. 
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NOTES ON RECENT 
MEETINGS AND EVENTS 


General Meeting in London. 


The first general meeting since the outbreak of war 
was held at the E.L.M.A. Lighting Service Bureau 
(2, Savoy Hill, London, W.C.) on Tuesday, Novem- 
ber 14. 

The proceedings were opened by the Retiring Pre- 
sident, Mr. Percy Goon, at 6 p.m. The Minutes of the 
last meeting having been taken as read, the Hon. 
Secretary mentioned that lists of new applicants for 
membership and also of those now to be formally 
declared members were available for inspection. 

Mr. Percy Goop then introduced the new Presi- 
dent, Mr. F. C. SmirH, and in doing so spoke in 
high terms of the work which he had undertaken for 
the Society since the outbreak of war. He expressed 
his conviction that the Society would benefit greatly 
from his guidance during the difficult period on which 
it was now entering. 

THE PRESIDENT, in assuming the Chair, expressed his 
appreciation of the honour done him by the Society. 
He referred to Mr. Good’s great efforts during his 
period of office, which had been broken by circum- 
stances into several distinct periods—the initial 
period when he visited Australia and New Zealand, 
the intermediate “ordinary” period, and the final 
“ extraordinary” period following the outbreak of 
war. Mr. Good had taken a leading part in develop- 
ing the conception of fellowship and technical status 
and in working for harmony of action with the socie- 
ties overseas on this matter. It was due in a large 
measure to his initiative that the Society had been 
able to be of service to the Authorities in connection 
with A.R.P. lighting, and to his guidance that it had 
adapted itself to conditions which might well have 
imperilled its future. 


The next item was the presentation to Mr. H. 
WarREN of the Leon Gaster Memorial Premium, for 
his paper on “ Research on the Production and Utili- 
sation of Light,” read at the meeting of the Society 
on February 14, 1939. Mr. Warren, who was present 
in person to receive the award, expressed the hope 
that they would again have the pleasure of welcoming 
members to the B.T.-H. Research Laboratories at 
Rugby. 


Mr. F. C. Smith then gave an address,* in the 
course of which he emphasised the desire of the Coun- 
cil to maintain the activities of the Society as fully as 
possible, and also those of the various Local Centres, 
to which he hoped to pay a series of visits. He 
referred to the acceptance of the Society’s offer of 
services to the Authorities and to the numerous and 
varied problems being studied by special committees, 
twenty-three in number, in which about eighty mem- 
bers of the Society were engaged. Laboratories asso- 
ciated with gas and electrical concerns were co-operat- 
ing in the necessary research work. It was estimated 
that already more than 2,000 “ man-hours” had been 
utilised in these investigations. 


Following the address, specimens of gauges for 
checking low values of illumination, based respec- 
tively on the use of radium luminescent compound 
and of a surface illuminated by a small glow-lamp 
receiving current from a dry battery, were exhibited 
by Mr. C. E. V. Lambert and Lt.-Col. Kenelm 
Edgcumbe. 


Mr. W. J. Jones then drew attention to various 
exhibits illustrating work conducted by the Society’s 
ccmmittees. Fittings designed to furnish 0.002, 0.02, 
and 0.2 ft.c. were on view, the gas unit being demon- 
strated by Mr. P. Crawford Sugg. After the meeting 
members inspected the various models of light traps 
(complying with Specification BS/ARP/15) and the 
architectural studio which had been fitted up to illus- 
trate the possibilities of devices executed by fluor- 
escent materials and excited by ultra-violet radiation. 


A vote of thanks to the exhibitors and to the 
E.L.M.A. Lighting Service Bureau terminated the 
proceedings. 





*It is hoped to present the full text of this address iin the 
next issue of THE TRANSACTIONS. 





PERSONAL NOTES. 


The degree of Doctor of Science has been conferred on 
Dr. T. C. Angus. 


Mr. B. F. W. Bessemer is now serving as Sub-Lieutenant 
in the Royal Navy. 


Mr. H. Lingard has joined the staff of the Ministry of 
Supply. 


Mr. A. R. McGibbon is now attached to the Lighting Sec- 
tion of the L.M.S. Railway. 





The Illuminating Engineering Society is not, as a body, responsible for the opinions 
expressed by individual authors or speakers. 


With a view to avoiding possible confusion with other publications, reference to 
these Transactions should be in the form :—*‘ Trans. Illum. Eng. Soc. (London).” 





Printed by Arcus Press, Ltp., Temple-avenue and Tudor-street, London, E.C.4, England. 
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ADDRESS BY THE PRESIDENT 


Delivered at the Meeting of the Society, held on Tuesday, November |4th, 1939. 





Ladies and Gentlemen,— 


In normal circumstances our activities for the 
present Session would have commenced several 
weeks ago and I should have had the opportunity of 
thanking the members for the confidence expressed 
in electing me as your President. I deeply appre- 
ciate this honour, and also realise, as all my prede- 
cessors have done, that with the honour comes con- 
siderable responsibility and a unique opportunity to 
serve the Society. 


The ultimate object of any cultural Society should 
be to advance the knowledge of the members by the 
interchange of ideas and experiences so that the 
Society may be able to make a real contribution to 
the general well-being of the people. 


I am convinced that the Illuminating Engineering 
Society is fulfilling these ideals, and this fact is an 
added incentive to service. 


In the past some have felt that illuminating engi- 
neering was only of minor importance, and few 
recognised to the full its significance in the industrial 
and social life of the people. The experience gained 
during the past few weeks will surely serve as a cor- 
rective to this false evaluation. 


From many points of view the present Session must 
in the nature of things be difficult. In common with 
other organisations this Society will have to meet 
new situations and solve many problems. These 
difficulties can only be surmounted if every member 
continues to give active and sympathetic support to 
the Society. Your Council is confident, from the 
experience of the past few weeks, that this support 
will be forthcoming. I can only say that it will be 
my endeavour during my term of office to maintain, 
and if possible enhance, the prestige and usefulness 
of the Society. 


It is not the purpose of this meeting to listen to a 
presidential address. I trust I may be able to give 


such an address later in the Session, but if this proves 
to be impossible I hope to be able to communicate 
it through the medium of The Transactions. Your 
Council feels, however, that members will wish to 
know how best they can help in maintaining the 
Society during the war period. Without unduly 
stressing the purely business side, it is clear that the 
financial stability of the Society must be assured. 
This stability is clearly linked up with maintaining 
and, if possible, increasing our membership. The 
suggestion in regard to financial stability and mem- 
bership is obvious, and I think I need say no more 
under this heading. 


In my view, there are two aims we should seek to 
accomplish during the war period. Both are of equal 
importance and are interrelated, and, in consequence, 


react on each other. These aims may be stated as 
follows:— 


(1) During the period of the war, and may I sug- 
gest throughout what may prove to be the more 
important period, the period of reconstruction 
after the war, we should endeavour to place at the 
disposal of His Majesty’s Government any technical 
help relevant to matters upon which the Society is 
competent to advise. These activities should be 
so organised that the special qualifications and 
specialised experience of our members should be 
utilised to the fullest possible extent. 


(2) To maintain as far as possible the essential 
activities of the Society throughout the war period 
so that at the conclusion of hostilities we may go 
forward with an unimpaired momentum. 


I should like first to deal with the second aspect of 
our problem. At the beginning of the Session the 
Council felt it wise to abandon the meetings arranged 
for the first three months and to review the situation 
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again in December to see if it would be possible to 
hold at least a limited number of meetings, commenc- 
ing in the New Year. It was decided to appoint an 
Executive Committee to deal with important busi- 
ness requiring immediate decision. This Executive 
Committee has met and has decided to call two meet- 
ings. Members have been advised of the dates of 
these meetings. 


Broadly speaking, our present ideas in regard to 
the maintenance of the Society are as follows: — 


(1) To continue to publish The Transactions and 
Light and Lighting in the usual way. In this con- 
nection an appeal has been made to members pre- 
paring papers to complete them and submit them 
to the Papers Committee for publication. I should 
like to endorse this appeal and ask the authors of 
these papers wherever possible to continue their 
work so that they may be published after review 
by the Papers Committee in The Transactions or in 
Light and Lighting. 


(2) It is hoped, if possible, to arrange for cer- 
tain meetings of the Society in the New Year. 
Some suggestions in regard to this matter have 
already been received from Mr. Wilson, and these 
will be given the most careful consideration by the 
Executive Committee. 


(3) The Council is extremely anxious that the 
country centres should continue to function 
throughout the war period. It may be that the 
centres can only work in a restricted way. I am 
hopeful that I may be able to visit these centres 
during my year of office, so that members who can- 
not attend any meetings in London may know of 
the work the Society is doing. It is possible that 
arrangements may be made whereby members of 
the country centres may be able to give assistance 
in some of the problems connected with the war 
emergency. 


(4) I have left, perhaps, the most important 
matter until last. For a number of years members 
have expressed the view that there should be 
brought into existence a class of membership which 
would offer some distinction for those profession- 


ally engaged in illuminating engineering and have 
obtained the necessary technical qualifications. 


It will be recalled that in Mr. Good’s presidential 
address he told us of a similar movement which 
was taking place in both Australia and New Zea- 
land. The Council felt that as far as possible any 
class of membership which gives recognition of 
technical ability should be related to that now 
being considered in the countries to which I have 
referred. Some large measure of agreement has 
been achieved in this connection. For some 
eighteen months prior to the war your Council was 
considering this problem. Moreover, an educa- 
tional scheme has been commenced, and the Society 
has played its part in promoting this scheme. We 
have been advised that the bringing into existence 
of the class of membership to which I have referred 
would necessitate a slight modification in the 
Articles of Association and also a modification to 
the existing by-laws. A great deal of attention has 
been given to this matter, and it had been hoped at 
the beginning of the Session to have had a special 
meeting to consider these proposals. Since the 
matter has gone so far it has been decided to hold 
this special meeting, and the necessary notices con- 
vening this meeting have been sent out to mem- 
bers. I believe the suggestions which will be made 
at this meeting will commend themselves to mem- 
bers. If this proves to be the case, it is the 
Council’s intention to go forward with the scheme 
and to bring it into existence at the earliest pos- 
sible date. I will not go further into details at this 
stage, since it is desired that the matter should be 
fully discussed at the meeting called for this pur- 
pose. 


I should now like to turn for a few minutes to the 
other aim which I feel we should achieve during the 
war period. It will be recalled that during the 
period prior to the outbreak of war many technical 
societies offered their assistance to the Government 
should the occasion arise. This Society, in common 
with others, approached the Government to see how 
best assistance could be given. A few days before 
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the outbreak of war Mr. Good again made contact 
with the Government Departments concerned and 
offered the assistance of the Society. I am glad to 
be able to tell you that the Authorities welcomed 
this offer and showed great willingness to allow us 
to work with them. In consequence, a number of 
specific problems were put to the Society for solu- 
tion. The co-operation thus commenced has _in- 
creased, and the Society is actively at work studying 
many matters of importance to the country. 


It would obviously be improper to make public 
details of the work which is now going on. As soon 
as this is permissible, however, members will be 
given full details. 


We have had to investigate the utility of orders 
of illumination, which under pre-war conditions we 
should have written down as useless for any prac- 
tical purposes. The utilisation of these very low 
orders of illumination has brought many problems 
which need solution. It is necessary to consider how 
the amenity value of these orders of illumination 
can be evaluated, and to tackle certain photometric 
problems in this connection. I can, however, refer 
to certain work which has now been completed. 


Members will be aware that specifications have 
been issued for various types of fittings which are 
useful for specific purposes under war time condi- 
tions. The general problem of obscuration has been 
under consideration. This work is typified by the 
issue of a specification dealing with light locks for 
shops. 


Parliamentary reports contain answers given in 
the House in connection with aids to movement in 
the street, and I am betraying no secret when I say 
that this Society had done a great deal of work in 
assisting the Authorities to study this important 
matter. 


Specifications have already been issued for fittings 
which have been referred to as the .002, .02, and .2 
units, and a specification dealing with phosphores- 
cent and fluorescent paints has been completed and 
approved, and is about to be issued. I believe this 
latter specification will be of the greatest use not 
only to the user but to the paint manufacturer, and 
should serve to indicate the field in which these 
materials may find legitimate use for war time pur- 
poses. A specification has also been completed and 
approved for signs for A.R.P. purposes. A degree of 
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standardisation has been introduced into these signs, 
which must be of great assistance to the public. 
Moreover, the cost of manufacture should be reduced 
in consequence of the standardised form. 


Many references have been made to the need for 
the continuation of adult education and the neces- 
sity of providing amenities for social relaxation. All 
this has to be done, however, with due regard to the 
military situation, and herein lies the problem. The 
Society is endeavouring to do all it can to provide 
the technical data upon which the Authorities may 
make the necessary decisions. 


I am happy to say that the efforts of the Society 
have been welcomed by those in authority, and we 
have had many expressions of appreciation for the 
work done. We consider it a privilege to be able to 
continue to operate in such close collaboration with 
those upon whom the responsibility falls of making 
important decisions in regard to lighting matters. 


I am sure members would like to know something 
of the extent of the Society’s activities. At present 
we have something like twenty-three committees 
considering specific problems. These committees are 
not unwieldy and are definitely doing a job of work 
and doing it quickly. Some eighty members of the 
Society are engaged in this work. Approximately 
seventy committee meetings have been held, and it 
is an underestimate to say that members have given 
over 2,000 man-hours to committee work. In addi- 
tion, a great deal of field work has been undertaken 
during hours when most of us prefer to be snugly 
tucked up in bed. 


In this connection I should like on your behalf to 
acknowledge freely the assistance which has been 
given to us not only by the Executive Branches of the 
Civil Service and the Commissioner for Police but 
also by the various municipal authorities which have 
co-operated so willingly in the work. A great deal 
of laboratory work has been undertaken, and the 
staffs of the General Electric Company, the British 
Thomson Houston Company, Holophane, Ltd., Wm. 
Sugg and Co., and the laboratory staff of the 
G.L.C.C. are working as one team. Our thanks are 
due to the companies which have placed their labora- 
tory facilities so freely at our service. It has been 
common practice to divide a problem between these 
laboratories, each laboratory making its contribution 
to the particular problem. We have had immense 
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help from members of the staff of the National 
Physical Laboratory. Moreover, the Electric Lamp 
Manufacturers’ Association has assisted in arranging 
demonstrations for the various committees to see. I 
should also like to thank the Public Lighting Section 
of the G.L.C.C. and other municipal bodies for their 
kindly co-operation. We have constantly looked to 
the officers both of the Research and the Administra- 
tive Departments for guidance and advice, which has 
been given in full measure. It has been a great privi- 
lege to work in association with them. 


Throughout this work we have continually relied 
upon Mr. Good for leadership and guidance. There 
is no need for me to say that his guidance is wise, his 
energy unbounded, and his comradeship a source of 
the greatest encouragement to all who are co-opera- 
ting in this work. 


The organisation of the British Standards Institu- 
tion has been placed unstintingly at our service, and 





it has been of immense value to be able to issue the 
findings in terms of specifications which have had the 
widest publicity. 

I should like to pay an especial tribute to our 
Honorary Secretary, Mr. J. S. Dow. Frankly, I do 
not know how he has got through the work he has 
been asked to do. His wonderful gift of saying pre- 
cisely and concisely what we wish to convey in our 
publications has been of inestimable value. May I 
also refer to the work of Miss Moreton and Miss 
Wright, who have co-operated so loyally during this 
exceedingly busy period. 


I trust I have said sufficient at this meeting to indi- 
cate that the Illuminating Engineering Society is 
doing effective work during this period. I am sure 
that every member of the Society will feel it a duty 
as well as a privilege to continue their support. 

I pray God that the madness of men may be frus- 
trated and may the Kingdom of Love, Peace, and 
Justice come. 





EXTRAORDINARY MEETING IN LONDON 


At a general meeting held at the Caxton Hall, West- 
minster, on December 5, the names of new applicants were 
presented in the usual manner. 


At a subsequent extraordinary meeting, Mr. Percy Good 
gave an address introducing the proposed new by-laws 
which had previously been circulated to members. 


One verbal modification, the substitution of “or” for 
and” in Clause 4 (d) was proposed by Mr. J. B. Harris, 
seconded by Mr. G. H. Wilson, and carried unanimously 


Subject to this modification the adoption of the new 
by-laws was moved by Mr. Good and seconded by Mr. A. 
Cunnington in accordance with the following resolution, 
which was put to the meeting and declared carried 
unanimously :— 

“That this meeting approves the adoption of the new 
by-laws circulated to Corporate Members and instructs 
the Council to take such measures as are necessary to 
confirm the status of the new by-laws hereby approved 
and to obtain sanction for any modifications in the 
Articles rendered necessary thereby.” 


A fuller account of this meeting, at which the new scheme 
of “Fellowship” was presented and discussed, will nesened 
in the next issue of the “ Transactions.” 


APPLICATIONS FOR MEMBERSHIP 


Election Pending 
The following applicants for Membership were 


presented for the first time at the General Meeting 
on Tuesday, December 5: — 


CORPORATE MEMBERS : — 


mertram, J.. ......:...<¢ Oxford Chambers, High Street, 
RuGsy. 
Davies, E. J. ............ 66. Wallingford Avenue, KEnN- 


SINGTON, W.10. 


ce ere 22, Signhills Avenue, Clee- 
thorpes, LINcs. 
ee ere 17, Park Lane West, Anlaby 


Park, HULL. 


COUNTRY MEMBER :— 
Hoexmms, C. H. ...... 27, Beacon Road, Sutton Cold- 


field, WARWICKSHIRE. 


Elections Completed. 

At this meeting the names of those announced on 
November 14, which were published in the issue of the 
“Transactions” (Vol. IV., No. 9, September 1939, p. 135), 
were presented again, and these applicants were formally 
declared members of the Society. 
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British Standard Specification (BS/ARP 35) for 


ILLUMINATED DISPLAY CABINETS 


This Specification has been prepared under the aegis of a Joint Committee of the Illuminating Engineering Society and the Home Office (A.R.P. 


Department) by a Sub-Committee of the Society. 


NOTE.—The use of the display cabinets covered by this Specifi- 
cation will be permitted under the Lighting (Restrictions) Order. 


1. Scope.—This specification covers illuminated 
display cabinets intended to be placed in shop win- 


dows under wartime conditions. 


quirements as to installation. 


2. General.—The construction of the cabinets shall 


conform to the shape and dimen- 
sions shown in Fig. 1. The 
essential features are a dis- 
play platform (A), a light trap 
well (B), a display aperture (C), 
a screening pelmet (D), and 
baffle for light cut-off (E). 

The cabinet shall be con- 
structed from suitable opaque 
material in such a manner that 
no light can escape from the 
cabinet other than through the 
display aperture. 

The lighting fitting shall be 
placed centrally, immediately be- 
hind the screening pelmet (D). 

All interior surfaces of the 
cabinet shall be treated with a 
dead matt black material which 
shall be permanent in character. 

Note.—The object of the dis- 
play platform is to ensure a suit- 
able light cut-off. 

3. Dimensions.—The display 
aperture shall have the follow- 
ing dimensions:— 

either (1) 1 ft. high by 1 ft. 

6 in. wide 

or (2) 2 ft. 6 in. high by 
2 ft. wide 

or (3) 6 ft. high by 3 ft. 
wide 


It prescribes the 
essential constructional features, the size of cabinets, 
the method and degree of illumination, and the re- 


It forms one of a series of Specifications issued by the B.S.I. at the request of the Air Raid 
Precautions Department of the Home Office. 


and these dimensions shall determine the size 
of the cabinet used, the internal dimensions of 
which shall be those shown on the appropriate 
sketch in Fig. 1. 


4. Lighting Fittings.—Each cabinet shall have one 
lighting fitting such as to give, as closely as prac- 


ticable, the distribution curve shown in Fig. 2. The 
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Fig. |. Design of Display Cabinets. 
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any vertical plane through the light centre of the 
fitting. 


For guidance, drawings and descriptions of electric 
and gas fittings designed to comply with the speci- 
fication are given in Appendices A and B 
respectively. 


5. Conditions of Use—(a) The number of 
cabinets used shall be limited to one per window, 
except that where a window frontage exceeds 20 ft. 
one cabinet for each complete length of 10 ft. of 
frontage may be installed. 

(b) The distance between the front of the cabinet 


and the window glazing, facing on to a street, shali 
not be less than:— 


2 ft. for the cabinet having an aperture 
2 ft. 6 in. by 2 ft. 

4 ft. for the cabinet having an aperture 
6 ft. by 3 ft. 

For the cabinet having an aperture 1 ft. by 
1 ft. 6 in. the distance should, if prac- 
ticable, be not less than 1 ft. 


(c) No cabinet shall be placed in a window above 


the ground floor. 
(d) The front of the cabinet shall be vertical. 


(e) No portion of the display shall project in front 
of a vertical line from the front edge of the display 


platform to the top of the cabinet. 


(f) The lighting shall be extinguished within one 


minute of an air raid warning being sounded. 


Note.—It is desirable that additional top screening 
be provided in order to minimise visibility of the illu- 
minated surfaces of exhibits from the air. This screen- 
ing might take the form of sun blinds if fitted, canopies 
either above the window or the cabinet, or window 


blinds lowered to a level of 6 ft. above the pavement. 


APPENDIX A. 


Electric Fitting for Illuminated Display Cabinets 


(See Fig. 3). 


Construction—The whole output of light from this fitting 
is controlled by the size of the slot and the nature of the 
diffusing glass in the otherwise totally-enclosed fitting, and 


Ss N.B. The values shown on the the reflecting surfaces beneath this slot. 
9 curve must not be exceeded in i i i 
pe vertical plane teeush the The lamp shall be placed relative to this slot. as shown in 
5 light-centre of the fitting. Fig. 3. 


The whole of the fitting, both interior and exterior, with 
the exception of the reflecting surfaces, shall be treated with 
a dead matt black material, which shall be permanent in 
<A character. 


EA 





2 The refiecting surfaces shall be treated with a dead matt 
white material, which shall be permanent in character. 
The fitting shall be marked with the size of lamp (15 watts). 
Lamp.—One 15-watt pearl general service lamp, comply- 
ing with B.S.161, shall be used in each fitting. — 
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. APPENDIX B. 


Me, 
as 
Re 


Gas Fitting for Illuminated Display Cabinets 
(See Fig. 4). 


ie 
Ne, 


Fig 2. 
Limiting Vertical 
Distribution Curve for <0° 
Lighting Fittings. 


Construction.—The whole output of light from this fitting 
is controlled by the size of the slot and the nature of the 
diffusing glass in the otherwise totally-enclosed fitting, and 
the refiecting surfaces beneath this slot. 
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The mantle shall be placed relative to this slot as shown 
in Fig. 4. 

The whole of the fitting, both interior and exterior, with 
the exception of the reflecting surfaces, shall be treated with 
a dead matt black material, which shall be permanent in 
character. 


The reflecting surfaces shall be treated with a dead matt 
white material, which shall be permanent in character. 





Dotted line indicates typical position 
of screening pelmet relative to fitting 








15 Watt pear! 
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This line to be directed towards 





The fitting shall be marked with the size of mantle 
(limina). 
Mantle-——One mantle shall be used in each fitting, and the 
size shall be as follows: — 
Mantle _ 1 limina. 
Gas rate, B.Th.U/hour _— 500 
The dimensions assumed for the limina mantle are shown 
in Fig. 4. 
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the Front edge of the display 


platform. 


Fig. 3. Details of construction of a suitable Electric Fitting. 


The Illuminating Engineering Society is not, as a body, responsible for the opinions 
expressed by individual authors or speakers. 


With a view to avoiding possible confusion with other publications, reference to 
these Transactions should be in the form :—‘ Trans. Illum. Eng. Soc. (London).’’ 
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1) shall be: 


1} in. for display cabinet having an aperture 1 ft. by 1 ft. 6 in. 


in. - ”» 
i in. “ an 


2 ft. 6 in. by 2 ft. 
6 ft. by 3 ft. 


Fig 4. Details of construction of a suitable Gas Fitting. 








NORTH MIDLAND CENTRE. 


A meeting of the North Midland Centre took place 
in Leeds on December 11, when the President de- 
livered an address to members, Mr. J. W. Howell, 
chairman of the Centre, presiding. 

The address of the President reviewed the main 
features of the work being done by committees of 
the Society for the authorities in connection with 
A.R.P. lighting, and contained special allusion to the 
proposed new by-laws and the introduction of Fellow- 
ship in the Society, which received the approval of 
members at a special meeting in London on 
December 5. 

Following the address there was an exhibition of 
lighting apparatus and a decision was taken in favour 
of resuming local meetings. 


FORTHCOMING MEETINGS. 

The next general meeting of the Illuminating 
Engineering Society in London will be held at the 
E.L.M.A. Lighting Service Bureau (2, Savoy Hill, 
London, W.C.2) on January 9, when Mr. R. G. Hop- 
kinson will read a paper on “ Discomfort Glare in 
Lighted Streets.” Light refreshments will be pro- 
vided at 5.30 p.m., and the meeting will commence 
at 6.0 p.m. 


The President has undertaken to attend a meeting 
of the local Centre in Nottingham, and to address the 
members of the Centre on the evening of Friday, 
January 12. 
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British Standard Specification (BS/ARP 37) for 


STREET LIGHTING UNDER WAR-TIME CONDITIONS* 





This Specification has been prepared under the aegis of a Joint Committee of the Illuminating Engineering Society and the Ministry of Home 
Security (A.R.P. Department). It forms one of a series of Specifications issued by the B.S.I. at the request of the Air Raid Precautions 
Department of the Ministry of Home Security. 


1. Scope—This Specification lays down the 
technical requirements for the provision of a 
measure of lighting for use in streets, under the 
special requirements imposed by war-time condi- 
tions. 

The order of illumination, while very lowj, will 
provide some comfort and convenience to users of 
the streets. It will not be such as to call for any 
adjustment of the intensities of lighting of existing 
“aids to movement.” 

It is not intended that new columns should be 
erected to carry fittings for the provision of the low- 
level illumination in accordance with this specifi- 
cation. The fittings should be mounted on columns 
selected from those existing. 

Provision has been made for a range of mounting 
heights at present in general use, by prescribing 
standard light distributions. 


2. IWumination.—The illumination on a horizontal 
surface at road level prescribed by this Specification 
is 0.0002 ft.c. It is recognised that complete uni- 
formity cannot be achieved, but the general level of 
illumination will approach closely to the above 
value and will nowhere exceed 0.0004 ft.c. 

These levels will not be exceeded in practice when 
the light distributions specified in Clause 3 are em- 
ployed in the manner prescribed in the Specification. 
It is not the intention of the Specification that 
measurements of illumination in the street shall 
serve as a performance test. 

The light shall be white as provided by an ordinary 
gas mantle operating normally, or by a tungsten fila- 
ment lamp at its rated voltage. 


3. Light Distribution—The polar curve of the 
candle-power distribution of the lighting fitting when 
equipped with the lamp or mantle specified by the 
Manufacturer shall, in all vertical planes, lie wholly 
inside the limiting curve marked “ A” in Figs. 1, 2, or 
3, according to the appropriate nominal mounting 
height (see Clause 4). Within 45° in a horizontal 
plane, on either side of the direction of the street 
axis (see Clause 8), the curve shall lie outside the 
corresponding limiting curve “ B.” Elsewhere the 
maximum candle-power shall not be less than one 
half of the maximum candle-power of curve “ B.” 

In illustration of the use of the limits a typical 
curve marked “C” is shown dotted in each figure. 
—Electric lamps used in fittings to furnish these 
light distributions shall be pearl lamps of rated volt- 
age corresponding to the declared pressure of the 
supply, and shall comply with British Standard 
Specification No. 161. 


4. Mounting Height and Spacing.—The light dis- 
tributions prescribed in Clause 3 are associated with 
nominal mounting heights of 10, 15, and 20 ft. re- 
spectively. Fittings having these distributions may 
be mounted at heights as shown below, provided 
that the spacing of lighting fittings, measured along 
a line joining them in plan, is not less than 100 ft— 


Range of mounting heights for Nominal 
which the fitting may be used. mounting height. 
9 ft. — 14 ft. 10 ft. 

14 ft. — 19 ft. 15 ft. 
19 ft. and upwards. 20 ft. 


Where columns are spaced at less than 100 ft. but 
at distances greater than 75 ft., and where it is in- 





*Published by the British Standards Institution, 28, Victoria Street, London, 8.W.1. 


Price, 6d., post free, 8d. 


fThis illumination, which is minute in comparison with that afforded by normal street lighting, is of the same order as that afforded 
by bright starlight on a clear moonless night. 
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convenient to use every second or third column, the 
fittings may be mounted at heights as shown below:— 


Fittings adopted to be 
suitable for nominal 
mounting height of :— 


10 ft. 
15 ft. 

To provide for spacings less than 100 ft. where the 
actual mounting height is less than 14 ft., an addi- 
tional standard distribution curve is in preparation. 


Actual mounting height. 


14 ft. — 19 ft. 
19 ft. and upwards. 


5. Mounting and Erection.—The lighting fittings 
shall be fixed vertically and, if necessary, correctly 
oriented. They shall be fixed with sufficient 
rigidity to prevent the emission of any light above 
the horizontal and to prevent rotation. Those parts 
of the columns close to the light sources shall not 
be unduly bright. Where units are closely adjacent 
to light-coloured vertical surfaces or expanses of 
water, blackened side-screens shall be provided to 
prevent direct light falling upon such surfaces. 
These screens shall not reflect appreciable light 
above the horizontal. 

Where fittings complying with this Specification 
are attached to existing lanterns, steps must be 
taken to prevent interference with the light distri- 
bution and, in particular, to prevent light being re- 
flected in an upward direction by glass panels or any 
part of the complete lighting fitting. 


6. Construction—The construction of lighting 


fittings complying with this Specification shall be 
such that:— 


(a) those parts which control the optical pro- 
perties shall not be liable to variation or de- 
rangement in maintenance or use; 

(b) the materials and construction shall be 
robust and shall not be subject to such deteriora- 
tion in service as to be likely to bring the photo- 
metric performance outside the limits laid down 
in Clauses 2 and 3. 


7. Photometric Testing—The lighting fitting 
shall be assembled in accordance with the Manufac- 
turer’s instructions, with a test lamp or mantle and 
burner of the required type. 

The candle-power distribution shall be determined 
by a photometer, the receiving surface of which is 
not less than 2 ft. from the light source. 

For a lighting fitting using an electric lamp, the 
test lamp shall comply with B.S. 161, and its lumin- 
ous output shall be ascertained for the voltage at 
which the test is made. 

When plotting the distribution curve the candle- 
power readings obtained shall, in the case of electric 


lamps, be multiplied by the ratio of the specified 
mean initial luminous output of the lamp at rated 
voltage to the luminous output of the test lamp as 
ascertained in accordance with the third paragraph 
of this clause. 


All gas conversion fittings, or electrical conver- 
sion fittings which employ any optical parts of exist- 
ing lanterns, shall be tested complete with a typical 
lantern for which the conversion is designed. 

Gas fittings shall be supplied complete with mantle 
and shall be tested at the pressure and B.Th.U. rate 
as specified by the Manufacturer, which rate shall be 
the B.Th.U. rate at which the mantle gives its maxi- 
mum luminous output. 

The candle-power distribution thus obtained, when 
plotted as a polar curve, shall comply with Clause 3, 
If the polar curve thus obtained falls outside these 
limits at any point, the lighting fitting shall be 
deemed not to comply with this Specification. 

The Manufacturer shall be given the opportunity 
of attending at the testing establishment, to ensure 
that the fitting is properly assembled and operated. 


8. Marking.—Lighting fittings complying with 
Clauses 3 and 6 of this Specification shall bear the 
certification mark of the British Standards Institu- 
tion. They shall also be marked with the appropriate 
nominal mounting height and size of lamp or mantle, 
and, if necessary, with an indication of the correct 
orientation with respect to the direction of the 
street. : 

Note.—Particulars of the conditions under 
which licences for the use of the Institution’s 
registered certification mark may be granted to 
Manufacturers of lighting fittings may be ob- 
tained on application to the Director, British 
Standards Institution. 


9. Construction of the limiting curves in Figs. 1, 
2 and 3.—The limiting curves A and B in Figs. 1, 2 
and 3 are constructed by joining, as shown in the 
figures, the points the polar co-ordinates of which are 
given in Tables 1, 2 and 3 below. 














TABLE 1. 

Curves for Nominal 10 ft. Mounting Height (Fig.1). 
Angle Curve A Curve B 

0° 0-04 0-02 

60° 0°30 0°15 

65° 0.60 0°30 

80° 0°60 0°30 

85° 0°30 0-00 

90° 0-00 | 0:00 
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Fig. |. Nominal 10 ft. Mounting Height. 
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Fig. 2. Nominal 15 ft. Mounting Height. 
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Fig. 3. Nominal 20 ft. Mounting Height. 





TABLE 2. 
Curves for Nominal 15 ft. Mounting Height (Fig. 2). 


Angle Curve A Curve B 


0° | 0.090 0-045 
45° | 0-26 | 0-13 
0:90 | 0°45 
80° 0-90 0-45 
85° | 0-50 0-00 


0-00 0:00 
| 





TABLE 3. 
Curves for Nominal 20 ft. Mounting Height (Fig. 3). 
Curve B 


Angle Curve A 


0° 0-16 0-08 
60° | 0-42 0-20 
70° | 1-00 — 
fly — 0°50 
73 1°50 ai 

1-50 0-50 
85° 0°75 | 0-00 
90° 0-00 0-00 








NOTES ON RECENT MEETINGS AND EVENTS 


General Meeting in London 

A general meeting was held in the lecture theatre 
of the E.L.M.A. Lighting Service Bureau (2, Savoy 
Hill, Strand, London, W.C.) on January 9. The 
chair was taken by the President at 6 p.m. A paper 
on “Discomfort Glare in Lighted Streets,” illus- 
trated by numerous experiments and lantern slides, 
was read by Mr. R. G. Hopkinson. The author 
analysed the various factors responsible for this 
form of glare and an attempt was made to assess 
various conditions in terms of the degree of discom- 
fort experienced. The paper led to an interesting 
discussion in which the following took part: Dr. W. 
Stiles, Dr. W. D. Wright, Mr. L. T. Minchin, Mr. A. E. 
Jepson, Mr. M. G. Bennett, Mr. A. J. Prowse, Mr. 
J. S. Dow, Mr. H. Allpress, Mr. J. M. Waldram, Mr. 
A. Cunnington, Mr. A. W. Beuttell, and Mr. C. Dun- 
bar. 

After the President had wound up the discussion 
and Mr. Hopkinson had briefly replied to comments, 
a vote of thanks to the author and to the E.L.M.A. 
Lighting Service Bureau for their hospitality ter- 
minated the proceedings. 


APPLICATIONS FOR MEMBERSHIP. 
Elections Pending 
The names of the following applicants for member- 
ship were presented for the first time at the general 
meeting on Tuesday, January 9:— 


CORPORATE MEMBERS : — 


ge Seer 30, Bloemfontein Road, Shep- 
herd’s Bush, Lonpon, W.12. 
COUNTRY MEMBERS :— 


Wee 6B. Ls. .......52 i Deal and Walmer Gas Co., 
EAL. 
Elections Completed 


At this meeting the names of those announced on 
December 5, which were published in the 
“ Transactions” (Vol. IV, No. 11, November, 1939, 
p. 156), were presented again and these applicants 
were formally declared members of the Society. 


Meeting of Nottingham Sub-Centre. 

A successful meeting of the newly-formed Not 
tingham sub-centre was held in Nottingham Cor- 
poration Gas Department’s showroom on January 12) 
when the President (Mr. F. C. Smith) gave 
address to members present. The address explained 
the plan for creating “ Fellowship” in the Society, 
which had been approved in substance at the general 
meeting in London on December 5, and contained 
survey of recent work undertaken in connection with 
A.R.P. Lighting, which had already led to the issue 
of a number of British Standard Specifications. Keen 
interest was taken in these developments and appre 
ciation was expressed of the visit of the President. 


Photometric Reminiscences 
Forthcoming Informal Meeting 
Arrangements have been made for an informal 
meeting to take place at St. Ermin’s Hotel (Wes 
minster), on Tuesday, February 13. The meeting; 
which is to be devoted to “ Photometric Reminis- 
cences,” will commence at 6 p.m. when light refresh 
ments will be served. It is hoped that many members 
will come prepared to relate interesting past experi 
ences in connection with photometry, and to exhibit 
early or historic apparatus. A lantern and operator 
will be available. A number of those associated wit 
the Society in its early stages have already consented 
to contribute. In view of the necessity for making 
arrangements for accommodation and refreshments 
members intending to be present are requested td 
inform the Hon. Secretary beforehand. 





Spring Binders for ‘‘ Transactions ” 


The present issue completes the series of “ Transactions 
for the year 1939 and is accompanied by a Synopsis of Con 
tents and Index relating to the volume. Spring binders, t 
contain complete series of ‘“ Transactions,” are obtainab 
by members at the price of three shillings and sixpence each, 
(Price to non-members, four shillings and sixpence.) 
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